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Strokes 
KEITH MILLS, Meds '56 
INTRODUCTION 
The term "s troke" refers , in its broadest sense, to any neurological event in 
the brai n of vascul ar origin, whether short-lived or prolonged, mild or serious . 
Strokes may be produced by a number of causes, but the pathogenes is may 
be reso lved into one of three fundam ental vascular processes - hemorrhage, 
embolism and thrombosis. The relative frequ ency of each is still somewhat con-
troversial. Thrombosis, however, is beli eved to be the commones t - producing 
50-70% of strokes. H emorrhage is said to be res ponsible for 15-20% of cases ; 
and embolism, while formerly th ought to occur uncommonly, is now being recog-
ni zed wi th increasing frequency and some impl icate it in as many as 35 % of cases. 
Cerebrovascular lesions are a very important cause of illness, dis ability, and 
dea th . As a cause of death they are exceeded only by heart disease and malignancy. 
In the United States in 1952, for example, 170,000 people died and 1,800,000 per-
sons were disabled by these lesions. Briti sh fi gures for th e same year impli ca te 
th em in 14% of all deaths. 
The therapy of conditions predisposing to cerebrovascular lesions and th e 
management of stroke vi ctims thus is of importance to every prac ti ti oner. 
ANATOMY 
A brief review of the cerebral circula-
tion may be useful at this point. 
Arterial blood reaches the brain through 
four main vessels, the paired vertebral and 
internal carotid arteries. In general, the 
vertebrals supply the posterior half and 
the internal carotids the anterior half of 
the brain . 
The two vertebral arteries, after enter-
ing the cranial cavity through the foramen 
magnum, unite to form the basilar artery 
at the point of junction of medulla and 
pons. The basilar, which gives off supply-
ing branches to the cerebellum, bifurcates 
into the posterior cerebral arteries where 
pons and midbrain meet. These latter 
vessels supply the inferior surfaces of the 
temporal lobes and the entire occipital 
lobes. 
Each internal carotid artery, after en-
tering the skull via the carotid canal, runs 
forward within the cavernous sinus and 
enters the subarachnoid space medial to 
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the anterior clinoid process. Then, at the 
medial end of the lateral cerebral fissure, 
it divides into its terminal branches, the 
anterior and middle cerebral arteries, 
which supply blood to the medial and 
lateral portions of the hemispheres. 
The Circle of Willis, at the base of the 
brain, joins the vertebral and carotid sys-
tems and provides for anastomatic blood 
flow between them . In addition, anterior, 
middle, and posterior cerebral arteries are 
joined by many small, but potentially 
anastom:atic, channels over the cortex. 
From the above mentioned larger ves-
sels, smaller, but important, penetrating 
arteries arise which supply all areas of 
cerebral tissue. Functionally, these pene-
trating vessels are "end arteries" so that 
stoppage of the blood flow in them re-
sults in infarction in the particular area 
supplied. In a location where tracts and 
functions are highly concentrated such an 
occurrence produces marked findings . 
The venous return from the brain is 
via the external and internal cerebral 
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veins. The external group course over the 
hemispheres and empty into the dural 
venous sinuses. The internal cerebral 
veins join the inferior sagittal sinus to 
form the straight sinus. 
PHYSIOWGY 
Cerebral tissue is easily damaged by 
anoxic conditions and so the brain is ex-
tremely dependent on an adequate supply 
of oxygenated blood . Normally, the flow 
to this structure is remarkably constant, 
being about 12 % of the output of the 
left heart. 
The constancy of flow results from 
alterations in the blood pressure-peripheral 
resistance balance. The peripheral resist-
ance is affected by changes in intracranial 
pressure, blood chemistry and consistency, 
and the automatic nervous balance (al-
though this latter influence is less in the 
cerebral circulation than elsewhere in the 
body) . With increasing peripheral re-
sistance, the blood pressure increases to 
maintain flow and vice versa. 
ETIOLOGY, PATHOGENESIS 
AND PATHOLOGY 
I. Cerebral Embolism 
Sudden stoppage of the flow of blood 
in a cerebral artery by impaction of the 
lumen with material carried in the blood 
stream from elsewhere in the body con-
stitutes a cerebral embolism. The embolic 
material is usually a piece of thrombus or 
clot. Occasionally, however, fragments of 
valvular vegetations, fat, bone marrow, 
tumor cells, atheromatous material, air or 
parasites are involved. 
Emboli arise from several sources, the 
most frequent of which is the heart. 
Emboli may be dislodged from a mural 
thrombus which has formed over an area 
of myocardial infarction - particularly 
when the auricles are fibrillating. Athero-
sclerotic areas in the arteries leading to 
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the brain provide post-cardiac sites for 
thrombus formation and embolus pro-
duction. Clots forming in the vast venous 
bed of the lungs also may be carried to 
the head. Pre-cardiac venous thrombi -
as in the veins of the lower extremities, 
abdominal or pelvic cavities-may rarely 
produce cerebral embolization by passing 
through a patent foramen ovale. 
In considering embolic materials one 
should remember the vegetations of sub-
acute bacterial endocarditis and bacterial 
endocarditis on the left heart vales, the 
possibility of fat and bits of bone marrow 
entering the circulation from fracture 
sites, and the hematogenous dissemina-
tion of tumor cell clumps. The set-up for 
air embolization can be present whenever 
a needle is in a vessel. Parasitic emboliza-
tion must be a rare occurrence. 
The embolus - whatever its nature-
is swept along in the circulation until it 
encounters a point in a cerebral vessel 
where the lumen is smaller than the 
embolus. The common points of stoppage 
are at bifurcations and areas of athero-
sclerosis. The sudden interruption of 
blood flow allows no time for collateral 
ci rculation to develop so that the in-
farcted area corresponds quite exactly to 
the area of tissue normally supplied by 
the blocked vessel. The cerebral infarc-
tion may be pale- if the embolus does 
not move distally after the initial blockage 
- or hemorrhagic - if it does move on 
and blocked vessels re-open. Sometimes 
emboli disintegrate and the fragments are 
carried on into peripheral small vessels 
so that the pathological findings of cere-
bral embolism are seen without discover-
ing an embolus at the expected place. 
Normally, the pathological picture in 
the infarcted area is one of early soften-
ing, followed by liquefaction. This is 
modified, however, in the presence of in-
fective elements as in subacute bacterial 
endocarditis and bacterial endocarditis. 
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II. Cerebral Hemorrhage 
There are two types of cerebral hemor-
rhage, primary and secondary. Primary 
cerebral hemorrhage results from hyper· 
tension - the intraluminal pressure ex-
ceeding the strength of the vessel wall. 
Secondary cerebral hemorrhage results 
from a variety of conditions, which may 
be local (e.g. cerebral hemagioma) or 
general (e.g . thrombocytopenia), and 
where the cerebral bleeding is one mani-
festation of another pathological process. 
The pathogenesis of primary cerebral 
hemorrhage- the type with which we 
are chiefly concerned here- is not known 
definitely. Some believe that "simple" 
rupture of healthy cerebral vessels in the 
face of excessive pressure is the explana-
tion. Others state that rupture occurs 
through an atheromatous plague of a dis-
eased vessel wall. While the latter theory 
is widely held, proponents of the "simple" 
rupture theory cite cases of cerebral hem-
orrhage occurring in young individuals 
with a temporary hypertension- as in 
an overdosage of adrenaline - where 
atherosclerosis is absent or minimal. The 
controversy will probably be resolved 
when the site of a cerebral hemorrhage 
is accurately visualized. At present there 
is no clear idea of the size of the vessel 
and the size of the lesion for which to 
look. Since the average volume of a fatal 
intracerebral hemorrhage is 50-70 c.c., a 
small hole in a small vessel would suffice 
to produce this lesion. For example, this 
volume of blood would accumulate if one 
drop of blood escaped with every four 
heart beats during one hour. 
Pathologically, the hemorrhage may be 
classified according to its size- massive. 
small, slit, or petechial. Massive hemor-
rhages are extensive to begin with, grad-
ually enlarge, and often rupture into the 
ventricular system. They are prone to 
occur in the putamen and the white mat-
ter immediately adjacent, the thalamus, 
the pons, and the cerebellum. Small hem-
orrhages are abortive ones which occur 
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tn the same regions but do not terminate 
fatally. Slit hemorrhages are small ones 
which occur at the junction of white and 
grey matter. They are less common than 
the previous two types. Petechial hemor-
rhages occur terminally in cases of acute 
hypertensive encephalopathy associated 
with brain edema. 
Secondary cerebral hemorrhage, as al-
ready noted, may result from general or 
local pathological states. Examples of the 
former are hemorrhagic diseases- such 
as hypoprothrombinemia, thrombocyto-
penic purpura, scurvy, anaphylactoid pur-
pura, and various infections, and iatro-
genic causes such as vigorous anticoagu-
lant therapy and treatment with arsenical 
compounds. Local pathological conditions 
include vessel damage resultant from 
trauma, hemangiomas, cerebral tumors, 
and aneurysms of the mycotic, arterioven-
ous, or berry type. 
The pathological findings in cerebral 
hemorrhage consist of blood, surrounded 
by an area of cerebral tissue which is 
compressed and may be edematous. As the 
lesion ages, the blood is absorbed and may 
be replaced by a neuroglial scar or by a 
cavity containing a yellow serous fluid . 
III. Cerebral Thrombosis 
Cerebral thrombosis- the clotting of 
blood in cerebral vessels during life -
may be produced by a number of causes. 
The commonest cause, by far, is cerebral 
atherosclerosis. The atherosclerotic pro-
cess here is no different from that seen 
in arteries elsewhere in the body, although 
ulceration of the surface of the plaques 
rarely occurs. Thus, thrombus formation 
in cerebral arteries is likely on the basis 
of slowed blood flow and stagnation 
proximal to the area of atherosclerotic 
narrowing. This gradual slowing of blood 
flow through the involved vessel leads 
to the prodromata sometimes seen before 
complete thrombotic occlusion occurs. 
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There are important differences in the 
atherosclerotic pattern found in normo-
tensive persons when compared with 
hypertensive individuals. 
The normotensive person tends to have 
the larger arteries involved with a focal 
type of atherosclerosis which shows defi-
nite preferential sites- namely, branches, 
bifurcations, and bends. Common sites 
are the carotid sinus, the internal carotid 
at the paraclinoid portion, and at its bi-
furcation into anterior and middle cere-
bral arteries, the first bifurcation of the 
middle cerebral, the tip of the vertebrae 
as it enters the spinal canal, the lower 
and upper bifurcations of the basilar 
artery, the posterior cerebral artery in the 
region of the peduncle, and the anterior 
cerebral as it bends upwards around the 
corpus callosum. 
Thrombus formation most commonly 
occurs in the internal carotid artery, fol-
lowed in frequency by vertebral, basilar, 
and posterior cerebral thrombosis . The 
large vessels at the base of the brain are 
less frequently involved in thrombosis 
than in embolism and hemorrhage ; and 
thrombosis of the middle cerebral artery 
- a location frequently thought of in the 
visualizat-ion of a thrombotic stroke - is 
apparently quite uncommon . 
The pathological picture resulting from 
thrombosis in the above-mentioned ves-
sels depend on the condition of the col-
lateral ci rculation . Usually an area of in-
farction occurs, but sometimes, s·ince these 
are larger vessels and the process of 
occlusion may be gradual , sufficient col-
lateral circulation is present to prevent 
tissue death. 
The hypertensive individual, on the 
other hand, tends to have a generalized 
atherosclerosis of the larger vessels rather 
than the focal type mentioned previously . 
In addition, and of considerable import-
ance, is the atherosclerotic involvement of 
the smaller vessels- especially the pene-
trating branches- found where hyperten-
sion exists. The penetrating branches of 
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the middle cerebral arteries (the lenticulo-
striate group), the thalamic branches of 
the basilar system along with its pontine 
and cerebellar branches, as well as other 
small vessels, such as the posterior in-
ferior cerebellar artery or the central 
artery of the retina, are frequently 
affected. 
The sites of thrombotic occlusion com-
mon in hypertensives are in the small 
vessels leading to the lenticular nucleus, 
internal capsule, thalamus, and basis pon-
tis. Since these small vessels are func-
tional end arteries and collateral flow is 
minimal, small areas of infarction and 
softening develop in the above areas. 
This process produces the picture of re-
peated minor strokes so often seen clini-
cally in hypertensive patients. 
Other causes of cerebral thrombosis in-
clude syphilitic arteritis, tuberculous or 
other inflammatory conditions of the 
meninges, polycythemia, tumors which 
compress or constrict vessels, and poly-
arteritis nodosa. 
Occasionally a stroke-like picture can 
result from obstruction of venous out-
flow by thrombophlebitis of venous sin-
uses or surface veins. Instead of the usual 
pathological findings of pale infarction 
and softening, edema and hemorrhagic 
infarction of the involved area are seen . 
It should be mentioned that infarcted 
areas of cerebral tissue are found some-
times at post-mortem with no demon· 
strable occluding mass in the supplying 
vessels . Some state that this phenomenon 
is due to cerebral vasospasm alone, while 
others maintain that this condition results 
from blockage by an embolus or throm-
bus which then disintegrates and is washed 
through into the smaller vessels. 
DIAGNOSIS 
The diagnosis of strokes involves 
a consideration of the following symp-
toms, signs, and laboratory and special 
procedures. 
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I. History 
The patient is usually middle-aged or 
elderly. Strokes due to thrombosis, on 
the basis of a syphilitic arteritis, or to 
hemorrhage, from a Berry aneurysm, are 
seen in the younger age groups, however. 
Embolic lesions, naturally, may occur at 
any age. 
The mode of onset is of considerable 
diagnostic importance. Sudden onset is 
the story in a majority of cases. Primary 
hemorrhage and embolism strike without 
preliminary manifestations . Thrombosis, 
on the other hand, fairly often produces 
prodromal transient episodes of paresis, 
parathesia, aphas·ia, dizziness, visual field 
defects or blindness, confusion or demen-
tia, dysarthria, dysphagia, etc. -on the 
basis of gradual occlusion and ischemia-
before the appearance of the frank stroke. 
Other times, and especially in hyperten-
sives, however, cerebral thrombosis is not 
heralded by such warning phenomena. 
The pattern of symptom development 
may be helpful also. In cerebral embolism 
one finds complete development within 
10-30 seconds of the onset. The picture 
in hemorrhage usually worsens over a 
period of several minutes, an hour, or 
very rarely a day, and is dependent on 
the size and location of the arterial leak . 
In cerebral thrombosis one sometimes 
sees a more gradual development- which 
may be spread over several days- in 
which the neurological deficit is added 
to in an interrupted staccato manner-
never in a smooth, gradual progression. 
Some deductions from the time of and 
activities at onset may be made. Cerebral 
hemorrhage most often occurs during the 
day and frequently with exercise or exer-
tion when the blood pressure is higher. 
Cerebral thrombosis, on the other hand, 
tends to occur during periods of lowered 
blood pressure and slow flow over 
atheromatous lesions, and so frequently 
comes on during sleep or shock- e.g. 
following myocardial infarction. Cerebral 
MAY, 1956 
embolism, of course, may occur either 
during the waking or sleeping hours. 
Loss of consciousness is a frequent 
complaint. In embolism and hemorrhage 
unconsciousness usually follows quite 
quickly and, especially in hemorrhage, 
deep coma may ensue. Unconsciousness 
may be quite transient, may last several 
hours, or in the case of hemorrhage may 
persist until death. In cerebral throm-
bosis the degree of cerebral upset varies 
from slight confusion to coma. 
Paralysis is another frequent report. 
It may be evidenced by a slumping to the 
g round during the waking hours or a 
falling to the floor on getting out of bed 
in the morning, when the lower extremi-
ties are involved. 
Other symptoms include paresis, ataxia, 
parasthesia, visual disturbances confusion 
dysphagi a, and dysarthria ~r aphasia: 
Generalized or focal convulsions are occa-
sionally reported and are usually asso-
ciated with cerebral hemorrhage. Head-
ache and vomiting are other symptoms 
more frequently encountered with hem-
orrhage than in embolism or thrombosis . 
The neurological complaints, of course, 
depend on the area of cerebral tissue in-
volved- hemiplegia and disturbance of 
speech being among the more common 
deficits noted. 
II. Physical Examination 
The physical findings in stroke cases 
may be divided into general signs- which 
are useful in diagnosing the lesions -
and neurological findings- which aid 
in the localization of them. 
The blood pressure level should be de-
termined . Hypertension is found in 
primary cerebral hemorrhage which, for 
practical purposes, should not be diag-
nosed in its absence. Hypertension may 
also be present in certain cases of cerebral 
thrombosis- namely, those where occlu-
sion of the smaller vessels occurs. Con-
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tracy to the general impression, there is 
no significant drop in the blood pressure 
immediately after the onset and the pres-
sure, as first measured, is probably an 
accurate indicator of the pre-stroke level. 
Normotensive levels, on the other hand, 
are found in cerebral thrombosis of the 
larger vessels and may or may not be 
present in cases of cerebral embolization. 
The respirations are usually labored in 
the comatose patient. Persistent coma for 
more than 48 hours and Cheyne-Stokes 
respiration are bad prognostic signs and 
favor the diagnosis of hemorrhage. 
The body temperature level is variable, 
usually being elevated, but sometimes nor-
mal or subnormal. In fatal cases, regard-
less of the type of cerebrovascular lesion , 
there is a progress.ive rise in the tempera-
ture, pulse, and respiratory rate as the 
patient progresses downhill and the vital 
centres collapse. 
The following findings in the general 
physical examination may often suggest 
the diagnosis of vascular lesions involving 
cerebral tissue. Arteriosclerosis of the 
retinal or peripheral vessels, hypertensive 
changes in the fundi , and other evidence 
of vascular disease, may be seen in cases 
of cerebral hemorrhage and thrombosis. 
Similarly, the presence of auricular fibril-
lation , a recent coronary thrombosis, or 
findings of bacterial endocarditis are often 
noted in cases of cerebral embolism. 
Absence of internal carotid pulsation 
would indicate occlusion of the vessel on 
that side and the discovery of neck rigidity 
could suggest blood in the cerebrospinal 
fluid from hemorrhage. 
The determination of the presence or 
absence of paralysis is of great import-
ance. This is relatively easy in the con-
scious person but is more difficult in the 
stuporous or comatose patient. The par-
alysis is usually flaccid in type- upper 
motor neurone lesions exhibiting the 
phenomenon of neuronal or spinal shock 
for the first 2-3 weeks before spasticity 
ensues, and lower motor neurone lesions 
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being flaccid throughout. Observation of 
the face is rewarding, paralysis being in-
dicated by deviation of the head and eyes 
to one side- usually the side of the 
lesion, by facial asymmetry and sagging 
of one corner of the mouth, and by a 
bulging of one cheek during expiration . 
The pupils may be unequal in size and 
sluggish in reaction to light. Paralysis 
of the extremities can be determined by 
lifting each one and allowing it to fall 
to the bed . Normal limbs sink down grad-
ually ; paralysed limbs fall heavily to the 
bed. In very deep coma, this differentia-
tion may not be possible since unpara-
lysed, as well as paralysed limbs fall 
heavily . Vigorous or painful stimulation 
of the palms or soles produce withdrawal 
of unparalysed limbs but no movement 
of paralysed extremi~ies occurs. Paralysed 
lower extremities show an extensor plan-
tar response. 
Specific neurological findings naturally 
depend on the site and the size of the 
lesion. Lesions in "silent areas" of the 
brain produce little in the way of focal 
neurological signs ; lesions in other areas, 
however, may be localized by a considera-
tion of the altered neurological findings . 
Time does not permit a discussion of the 
various syndromes resultant from specific 
cerebro-vascular lesions. Instead, a brief 
consideration of some basic neurological 
principles useful in the localization of 
cerebral lesions follows. 
1. Sensory-motor function of one side 
of the body is chiefly handled by the 
cortex of the contralateral hemisphere. 
The only cortical function having uni-
lateral representation is that of speech, 
which is located in the dominant hemi-
sphere- the left hemisphere in a right 
handed person and vice versa. 
2. Upper motor neurone lesions pro-
duce- after the stage of spinal shock-
a spastic paralysis, increased deep reflexes 
of the involved part, and no neurological 
atrophy of the involved muscles. (Disuse 
atrophy may later set in, however.) Lower 
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motor neurone lesions, on the other hand, 
give a flaccid paralysis, decreased or abol-
ished reflexes, and marked atrophy of 
muscles. 
3. The completeness of paralysis seen 
following a unilateral pyramidal tract 
lesion varies with the muscle groups in-
volved. Some groups are innervated by 
the motor area of the contralateral cortex 
entirely ; others receive homolateral, as 
well :1s contralateral, cortical innervation . 
On this basis three general groups of 
muscles are recognized: 
(a) Those controlled by the opposite 
hemisphere entirely and where 
paralysis is marked on the side 
opposite the lesion -included here 
are the muscles of the arm and 
leg, the lower facial muscles, and 
much of the trapezius. 
(b) Those muscles which have some 
degree of homolateral innervation, 
as well as the usual contralateral, 
and where some weakness rather 
than complete paralysis occurs - -
included here are the trunk muscles 
and the tongue muscles. 
(c) Muscles whose control is suffi-
ciently bilateral that unilateral pyr-
amidal lesions fail to produce clin-
ically demonstrable effects- in-
cluded here are the extraocular 
muscles, the upper facial muscles 
(especially the orbicularis and fron-
talis), the muscles of mastication, 
the muscles of deglutition ( exclud-
ing the tongue), muscles of the 
larynx, sternomastoid and upper 
portion of trapezius, and the 
diaphragm . 
4. The point of cross-over of pyramidal 
fibres from contralateral to homolateral 
side varies. The fibres of the cortkobul-
bar tract cross at the level of the cranial 
nuclei which they supply. Of the fibres 
of the corticospinal tract, 85-90% decus-
sate at the caudal end of the medulla; 
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the remaining fibres cross-over in the cord 
at the level of the structures they supply . 
5. Regarding sensation, it should be 
remembered that certain modalities travel 
together in the central nervous system. 
Muscle, joint, and tendon sense, vibra-
tion sense, and discriminative touch do so. 
Pain and temperature sensation travel to-
gether also. Simple touch and pressure 
sensation do likewise. 
6. The level of cross-over of sensory 
fibres on their way to the contralateral 
cortex varies. Pain and temperature sen-
sation from the body cross almost im-
mediately on entering the cord; that from 
the head runs posteriorly and crosses at 
the level of the medulla. Muscle, joint, 
tendon, vibration and fine touch sensation 
from the body cross in the medulla cepha-
lad to the decussation of the pyramidal 
tracts. The anatomical pathways of these 
modalities from the head are not yet clear. 
Most simple touch and pressure fibres 
from the body cross shortly after enter-
ing the cord but a few do so at the 
medulla. The pathways for these sensa-
tions in the head are, once again , not 
definitely worked out. 
7. The points of cross-over of the var-
ious modalities of sensation and the fibres 
of the pyramidal system are important in 
the analysis of situations where sensory 
disturbances are noted on one side of the 
body and loss of motor function on the 
other. 
8. Lesions involving the autonomic 
nervous system outflow may do so in the 
hypothalamic area- the headquarters of 
this system-or more distally. If the oculo-
motor nucleus or nerve is involved, dila-
tion of the pupil on that side will be 
noted. If the sympathetic outflow to the 
eye is interrupted, ptosis and miosis will 
be observed. Disturbances of bowel and 
bladder function - incontinence or reten-
tion -will be seen where autonomic im-
balance- parasympathet-ic or sympathetic 
dominance, respectively- occurs in the 
87 
-----Strokes·----------------------------------------------
smooth muscle of bladder and rectum as 
a result of a cerebrovascular lesion. Simi-
larly, the absence of sweating and vaso-
dilation in an area marks loss of sympa-
thetic impulses and parasympathetic 
dominance. 
9. A brief word regarding some of the 
functions of the following structures may 
aid in the localization of a vascular lesion, 
when a disturbance of their activities is 
observed . 
(a) Cerebellum - this structure func-
tions in three general ways- in 
equilibration, in postural reflexes 
and muscle coordination, and in 
smoothing and stabilizing the more 
complex movements from the mo-
tor area. Disturbances thus in-
clude ataxia, intention tremor, de-
composition of movement, dysdia-
dochokinesis. dysmetria, past-point-
ing, nystagmus, and muscular 
hypotonia. 
(b) Corpus Striatum- this structure 
also functions in producing smooth, 
coordinated muscle movement and 
normal muscle tonus. It is respon-
sible, in addition, for certain auto-
matic associated movements such 
as swinging the arms when walk-
ing and changing facial expression 
with emotions. Disturbances here 
include involuntary movements-
as in chorea and athetosis, in-
creased muscle tonus and tremor 
at rest, and "mask-like facies" . 
(c) Interruption of the reticular for-
mation of the extrapyramidal sys-
tem at the midbrain level removes 
its smoothing and coordinating in-
fluence on muscular movement and 
tone and produces the characteris-
tic posture of decerebrate rigidity. 
I 0. The highest cerebral functions may 
be impaired and personality alterations 
frequently follow on a cerebrovascular 
lesion. 
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III. Laboratory Aids and 
Special Procedures 
In general, the laboratory aids are not 
specifically diagnostic in cerebrovascular 
lesions but are used to corroborate the 
clinical diagnosis . 
Useful tests include urinalys-is, blood 
count and chemistry, and cerebrospinal 
fluid examination. Hyperglycemia and 
sugar in the urine are common findings 
during the first 24 hours after the lesion 
occurs. A mild or moderate leucocytosis 
is often present in cases of cerebral hem-
orrhage. The cerebrospinal fluid is bloody 
and under increased pressure in cases of 
hemorrhage, generally speaking. Deep 
seated lesions far removed from the 
subarachnoid or ventricular spaces may 
present initially clear fluid, however. 
X-ray examination, ventriculography, 
cerebral angiography, and electroencepha-
lography may, on occasion, be employed. 
Pineal displacement and ventricular dis-
tortion may be revealed by the first two 
means. Cerebral angiography can demon-
strate sites of arterial occlusion and lo-
calize aneurysms and intracerebral clots. 
It is particular! y useful when a surgical 
attack upon the lesion is contemplated. 
~ . E .G . examination may give positive find-
togs but a normal tracing does not ex-
clude these lesions . 
DIFFERENTIAL DIAGNOSIS 
Cerebrovascular lesions present a two-
fold differential problem. First, one must 
rule out other conditions which produce 
a somewhat similar clinical picture. Sec-
ondly, one must try to determine whether 
cerebral embolism, thrombosis, or hemor-
rhage has occurred. 
With regard to the first problem, some 
of the commoner differential conditions 
which one must keep in mind are : 
1. Diabetic coma. 
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2. Uremia-It must be remembered 
that cerebrovascular lesions are a 
complication of this condition. 
3. Acute alcoholism. 
4. Extradural hemorrhage. 
5. Subdural hemorrhage. 
6. Brain tumor or abscess. 
7. Epilepsy. 
8. Subarachnoid hemorrhage. 
The differentiation may be relatively 
easy or quite difficult, depending on 
whether a good history is obtainable - to 
add to the physical signs and laboratory 
findings - or whether the patient is 
comatose and one has to rely on these 
two diagnostic methods alone. In cases 
of this latter type, a careful physical ex-
amination - including a check for head 
trauma, the size and reaction of the pupils, 
the odor of the breath, the state of the 
optic discs, the respiratory characteristics, 
the temperature and pulse, the blood pres-
sure level, neck stiffness, and paralysis-
and the use of certain laboratory pro-
cedures - especially urinalysis, blood 
sugar and N .P.N. determinations, and 
cerebrospinal fluid examination - are 
essential. 
Having established the presence of a 
cerebrovascular lesion one must then at-
tempt to determine whether it is a cause 
of embolism, thrombosis, or hemorrhage. 
This is of some prognostic and thera-
peutic import. The chief differential 
points have already been discussed under 
diagnosis so that it suffices now to merely 
list them . One should consider: 
1. The mode of onset - whether there 
were prodromata. 
2. The time taken for the full-blown 
clinical picture to develop. 
3. Whether hypertension enters into 
the case. 
4. Whether the attack occurred during 
the day or night and whether the 
patient was exerting himself. 
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5. Whether loss of consCiousness 
occurred. 
6. Whether other conditions predis-
posing to a particular lesion are 
present. 
7. The relative predominance of cer-
tain findings - e.g. headache, nau-
sea, vomiting, and convulsions fa-
voring hemorrhage over thrombosis . 
8. The presence or absence of neck 
stiffness and the spinal fluid find-
ings. 
In spite of these points, the typing of 
a particular lesion can be difficult, espe-
cially if the mode and characteristics of 
the onset and prodromata- if any- are 
unknown . 
CLINICAL COURSE AND PROGNOSIS 
This varies with the type of lesion, its 
extent and site, and the presence or ab-
sence of other complicating factors. 
Cerebrovascular lesions, with the excep-
tion of rupture of large basilar aneurysms, 
rarely cause sudden death . Cerebral hem-
orrhage in general, however, carries a 
very poor prognosis. Those of any appre-
ciable size usually terminate in death 
within 2-14 days of the onset. 
Cases of cerebral thrombosis or em-
bolism end fatally if a major vessel is 
involved. This usually occurs within 10-
21 days of the onset as a result of sec-
ondary complications, such as broncho-
pneumonia or other serious disease pres-
ent which is capable of causing death by 
itself. In the majority of cases, however, 
the patient survives the first attack and 
one becomes concerned with the neuro-
logical deficit which will remain. The 
degree of permanent damage cannot be 
accurately predicted early, since part of 
the picture may be due to a temporary 
interruption of function due to edema 
rather than necrosis . Usually there is 
some improvement in the focal neuro-
logical signs and occasionally complete 
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recovery. The improvement often pro-
ceeds over a period of 6 months or so 
and the deficit should not be considered 
permanent until at least that time has 
passed . 
If the etiological factors responsible for 
the first lesion are not amenable to treat-
ment, those who recover, of course, can, 
and often do, suffer subsegnent attacks. 
TREATMENT 
The treatment of cerebrovascular lesions 
may be considered under the headings of 
prophylactic and active measures. 
(a) Prophylaxis 
Prophylactic steps should be considered 
whenever situations favoring strokes are 
present. Thus when cerebral embolism is 
a possibility, appropriate treatment of the 
underlying conditions - with anticoagu-
lants, guinidine, or antibiotics, as indi-
cated - may prevent this cerebrovascular 
complication . Similarly, hypotensive ther-
apy may abort a primary cerebral hemor-
rhage and active treatment of the pre-
disposing conditions to secondary cerebral 
hemorrhage may prevent this type from 
occurring. Cerebral thrombosis on athero-
sclerotic areas may be averted if anti-
coagulant therapy is instituted during the 
phase of prodromal symptoms and signs, 
should they present. Active antibiotic 
therapy may help prevent thrombosis due 
to inflammatory conditions - such as 
syphilis and tuberculous meningitis . 
(b) Active Treatment 
Once a cerebrovascular lesion has 
occurred, the active treatment program 
begins. It may be divided into two parts, 
namely, that stage immediately after the 
onset - when the primary concern is the 
saving of life, and the second stage -
which entails the handling of residual 
defects. 
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(1) First Stage: 
During the first stage, strokes of all 
three types reguire the same general care. 
This includes good nursing, fluid and 
liguid nourishment by mouth, if possible, 
otherwise parenterally, inlying catheter to 
prevent overdistension of the bladder, 
enemas or cathartics to aid elimination, 
freguent alteration of the position in bed 
to prevent hypostatic pneumonia and bed 
sores, and the judicious use of sedatives, 
avoiding opiates and their respiratory 
depression . 
Specific care for the cerebral lesion is 
to be attempted wherever possible. In 
cases of cerebral embolization or throm-
bosis attempts have been made to improve 
the cerebral circulation by reducing any 
conseguent vasospasm via stellate block. 
Some feel that this procedure is valueless 
while other observers report good results 
in cases of marked vasospasm - which 
they state to be as freguent as every third 
or fourth case. Vasodilation with sub-
stances such as nicotinic acid has been 
attempted also with indifferent results. 
In cerebral thrombosis the use of anti-
coagulants is believed to be of some value. 
Their prophylactic use has already been 
mentioned, but when a frank thrombosis 
has occurred anticoagulant therapy is often 
employed to prevent extension of the 
thrombus already formed and to reduce 
the likelihood of new clots forming. 
In patients suffering from cerebral hem-
orrhage who survive the initial shock, 
operative removal of the clot should be 
considered. It is absorbed slowly and is 
apt to behave like a tumor if not re-
moved, so that surgery, in selected cases, 
may be life-saving and reduce the 
final neurological disability. Anticoagu-
lant therapy, of course, is definitely con-
traindicated in cases of cerebral hemor-
rhage and this condition must always be 
ruled out before its administration. 
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(2) Second Stage : 
During the second stage of active treat-
ment one has to try to minimize the 
disabilities due to residual neurological 
damage. Physio-therapy - in the form of 
light massage and passive movements-
can be begun on paralysed limbs while 
the patient is still confined to bed . This 
helps to keep paralysed muscles in good 
condition and prevents joint stiffness. The 
patient should be encouraged to try to 
use the paralysed muscles while they are 
being moved passively, as the degree of 
functional recovery will largely depend 
on such effort and re-education . These 
exercises should not be overly prolonged 
since the patient will become fatigued 
and discouraged. Hand exercises - squeez-
ing a rubber ball and putting it down 
and picking it up- help restore function 
in this part of the body . The develop-
ment of arm contractures should be 
avotded by the use of well-padded splints 
and if foot-drop appears splintage there, 
is necessary also . These splints need not 
be kept on at all times. As the general 
condition and strength of the patient im-
proves he may be allowed out of bed into 
a chair and from there ambulated grad-
ually using the support of attendants or 
canes as required. 
The treatment of aphasia or disorders 
of the speech, when present, poses a prob-
lem which can only be handled by a per-
sistent patient and a patient physician. 
In the presence of both, and incomplete 
involvement of the speech areas, complete 
or nearly complete control of speech often 
returns. 
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These measures, along with encourage-
ment and emotional support by all those 
attending the patient - who is often 
quite upset and anxious in the face of his 
new disabilities - will enable him to 
live the remainder of his life, be it short 
or long, as independently and as happily 
as possible. 
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Essential Hypertension 
DOUGLAS D. McGREGOR, Meds '56 
INTRODUCTION 
Essentia l hypertension is a di sease of unknown e ti ology, characterized by a 
signifi ca nt eleva tion in bl ood press ure. The upper limit of normal for the blood 
pressure as de termined by stand ard clinical methods has not been definitely estab-
li shed . A compromisin ,g hypoth eti ca l n lue might be taken as 140/90. It has been 
show n that there is a ,g rea ter tendency to devel op hypertension, and / or arterio-
scl ero tic disease in indi viduals with blood press ures above this level, than in those 
wi th lower blood pressures . 
The blood pressure as determin ed by th e uni versa lly employed auscultatory 
me th od, co rres ponds close ly to th e hl ood pressure as measured by intra- arteri al 
manometers. In individuals with short obese arms, however, the former method 
may ,g ive an excessively high read1ng. Intermittent elevations of blood pressure 
often sugges t an unstable neurovascul ar mechani sm and may be the forerunn er of 
fr ank sustained hypertension. The percentage of individuals with transient el eva-
ti ons of th eir blood pressure. in who m essenti a l hypertension subsequently be-
comes manifes t, is far higher than in th e general popula tion . This obse rvati on 
ha s led to th e designation of th e " labi le" , and " p re-hypertensive" states. 
ETIOLOGY 
Althoug h the basic etiology of essen-
ti al hypertension is unknown , a va riety 
of factors co ntribute to its cause and 
pathogenes is. These factors include her-
editary, en vironmental, racial, neurogenic, 
endocrine, metabolic and humoral influ-
ences. Females show a somewhat higher 
incidence of hypertensive disease than 
males. It has been estimated that if one, 
or both parents have hig h blood pres-
sure, the incidence of hypertension in 
their children will be about 30'l(, and 
45%, respectively. When both parents 
a re normotensive, only about 3% of their 
children will develop hypertensive dis-
ease. Pyknic types and obese individuals 
show a definitely higher in cidence of 
essential hypertension than the general 
population . It is rather difficult to assess 
the influence of such nebulous factors as 
temperament, emotions, and t-he environ-
ment. 
PATHOGENESIS 
Despite intensive investigation, the 
pathogenesis of essential hypertension re-
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mai ns obscure. Since cardiac output and 
blood viscosity remain constant, the rise 
in blood pressure is likely due to an in-
crease in the peripheral resistance. There 
is good evidence to show that this in-
crease in peripheral resistance occurs in 
the arterioles, especially those of the kid-
ney. Initially, increased resistance is due 
to increased sympathetic tone, rather than 
to structural changes in the arterioles ; 
but such organic changes do occur in 
time. The mechanism responsible for 
altered sympathetic tone has not been 
definitely established . A theory has been 
suggested whereby neurogenic stimuli at 
the level of the hypothalamus so upset 
the sympathetic-parasympathetic control 
over the arterioles that there is subsequent 
vasoconstriction . 
As the result of renal ischemia, renin 
is released . Renin combines with a globu-
lin precursor in the blood (hypertensino-
gen) converting it to hypertensin, (angi-
otonin). Hypertensinogen is an active 
pressor agent. A vicious cycle is estab-
lished, which is further aggravted by 
structural changes in the arterioles. This 
theory may be satisfactory in some in-
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stances, but it fails to explain all cases 
of essential hypertension. 
PATHOLOGY 
The pathological lesions associated with 
essential hypertension are more likely the 
result of the disturbance than its cause. 
The characteristic changes occur in the 
arterioles, where intimal and medial thick-
ening result in narrowing of the lumina. 
The kidneys may appear essentially nor-
mal, or they may reveal evidence of pro-
found renal disintegration and breakdown . 
In fully developed benign nephro-
sclerosis, the kidneys appear granular and 
slightly contracted. The capsule is usually 
firm, and adherent to the underlying 
cortex. The microscopic appearance varies 
considerably, due to the patchy distribu-
tion of the lesions. The architecture may 
appear normal, except for partial fibrosis 
in a number of glomeruli, or there may 
be ev·idence of extensive glomerular oblit-
eration. Progressive renal ischemia re-
sults in atrophy, collapse, and the dis-
appearance of large numbers of tubules, 
with connective tissue replacement of 
these elements. Arteriosclerosis and hya-
line thickening of the intima in the small 
arterioles, especially the afferent arter-
ioles, are the most readily recognized vas-
cular lesions . Intralobular and medium 
sized arteries show extensive intimal thick-
ening, due mainly to reduplication of the 
internal elastic lamina. In the malignant 
variant of essential hypertension, addi-
tional vascular lesions are encountered. 
These are hyperplastic arteriolar sclerosis 
and necrotizing arteriolitis. The latter 
lesion is rarely seen in the absence of 
renal insufficiency. 
In hypertension of short duration, the 
heart may be of normal size. Usually, 
however, there is some degree of left 
ventricular hypertrophy. If failure has 
occurred, the hypertrophy is more diffuse 
and there will be some element of dila-
tion present. Arteriosclerotic changes are 
frequently encountered in the coronary 
arteries. 
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The pathological features of hyper-
tension found in the brain are primarily 
confined to the cerebral vessels . Often 
these show arteriosclerotic degeneration. 
The surrounding nervous tissue is fre-
quently gliosed from the progressive 
ischomia associated with this condition . 
Other pathological features may be demon-
strated elsewhere in the body, but they 
a.re ~~t so characteristically or as clinically 
s1gmf1cant as those already described. 
CLINICAL FEATURES 
Ess~ntial hypertension is often asymp-
tomatiC, and many cases are first dis-
covered on routine physical examinations. 
Early symptoms are difficult to differ-
entiate from constitutional characteristics. 
These are: loss of energy, fatigue , nervous-
ness, irritability and insomni a. Later fea-
tures which often prove troublesome are 
headache, dizziness, epistaxis, and impair-
ment of memory and concentration . 
Although it is not invariably true, it 
appears that the higher the blood pres-
sure, within the range of normality , the 
greater is the predisposition to the de-
velopment of hypertension in later years . 
Bor~erline hypertensives and labile hyper-
tensives are often found to have unstable 
blood pressures. 
Secondary manifestations of essential 
hypertension can often be discovered by 
an examination of the eye grounds, and 
by an assessment of cardiac, cerebral , and 
renal function. 
Eye Ground Changes 
A hypertensive patient may present 
with visual symptoms. Blurring of vis-
ion, scotomata, field defects, diplopia, 
deterioration of vision, or sudden blind-
ness, are among the complaints en-
countered. 
The fundamental eyeground changes 
are : 
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( 1) Angiopathy 
Localized or generalized arteriolar-
sclerosis and phlebosclerosis. Focal 
arteriolar constriction and general-
ized attenuation and narrowing. 
(2 ) Retinopathy 
Cotton wool patches of edema, 
edema residues, (hyaline patches), 
and flame shaped hemorrhages. 
Complications include arteriolar 
and venous thrombosis, retinal de-
tachment, and the accumulation of 
exudates in the region of the 
macula, (macular star formation) . 
(3) Net~ropathy-papilledema 
An evaluation of the fundi in 
hypertensive disease is usually based 
upon one of two commonly em-
ployed classification s. 
The American Opthalmological 
Association classification of the eye 
ground changes in essential hyper-
tension : 
Grade 1: A-V ratio 1 :2 
Slight arteriolar constriction (to 
2/ 3 normal diameter) . 
w creased light reflex from the 
arterioles. 
Grade 2 : A-V ratio 1 :3 
Moderate arteriolar constriction 
(to V2 normal diameter). 
Copper wire arterioles and ar-
terio-venous nicking. 
Grade 3: A-V ratio 1 :4 
Considerable arteriolar constric-
tion (to 1/3 normal diameter) . 
Silver wire arterioles. 
Grade 4: Arterioles arc thread-like 
or invisible 
The Keith-Wagener-Baker classification 
distinguishes progressive vasospasm in 
g rades 1 and 2, the occurrence of hemor-
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rhages and exudates in grade 3, and 
papilledema in grade 4. Although the 
examination of the optic fundi should not 
be over-emphasized in the total evalua-
tion of the hypertensive patient, it should 
be pointed out that the opthalmoscopic 
findings have considerable prognostic im-
portance and may, at times, serve as a 
sensitive indication of the course of hyper-
tensive disease. 
Cardiac Manifestations 
Involvement of the heart is the com-
plication of paramount importance, since 
it accounts for about 60% of deaths in 
hypertensive patients that cannot be at-
tributed to incidental disease. Cardiac 
output is at first maintained by an in-
creased force of contraction and sub-
sequent left ventricular hypertrophy. 
Symptomatology depends upon the de-
g ree of cardiac compensation. Classically, 
there is a history of increasing shortness 
of breath on exertion, and eventually 
while at rest, paroxysmal nocturnal dys-
pnea, orthopnea, and periodic (Cheyne-
Stokes) respiration. 
Physical examination reveals a power-
ful cardiac impulse, which is displaced to 
the left and inferiorly, an increased area 
of cardiac dullness, accentuation of the 
first heart sound in the mitral region and 
of the second heart sound in the aortic 
region . There may be a mitral systolic 
murmur, indicative of relative mitral 
insufficiency. 
Often a patient with hypertension has 
angina pectoris. He may or may not have 
a significant degree of coronary sclerosis. 
The angina in the latter case is explained 
by the increased work demand of a hyper-
trophied myocardium with insufficient 
blood supply. Eventually, normal sinus 
rhythm may give way to a gallop rhythm 
and pulsus alternans. Radiological evi-
dence will confirm cardiac enlargement 
and engorgement of the pulmonary ves-
sels will be apparent in some instances. 
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The EKG will show evidence of left ven-
tricular hypertrophy. As the heart be-
comes decompensated, bilateral basal rales 
are detected in the lung fields and event-
ually all the peripheral signs of congestive 
failure become manifest. The above pic-
ture is frequently complicated by coronary 
artery disease, as evidenced by angina 
pectoris or myocardial infarction. 
Cerebral Manifestations 
Cerebral manifestations of hypertensive 
disease accounts for about 30% of deaths 
attributable to this condition . The ana-
tomical arrangement of the cerebral ves-
sels, and the susceptibility of nervous 
tissue to anoxia, readily account for vas-
cular and ischemic complications. Minor 
symptoms include paraesthesia, transitory 
weakness, headache, and dizziness. More 
serious disturbances are hypertensive en-
cephalopathy, cerebral hemorrhage and 
cerebral thrombosis. Concomitant athero-
sclerotic changes in the cerebral vessels 
and the resultant ischemia of cortical 
tissue, account for the gradual mental 
deterioration which is sometimes observed. 
Renal Manifestations 
The end result of hypertension is renal 
vascular damage. Impairment of kidney 
function occurs late in benign essential 
hypertension, where progressive arterial 
and arteriolar occlusion is followed by 
ischemic atrophy of the nephron. In the 
malignant variant of hypertensive dis-
ease, however, there is early progressive 
arteriolar necrosis, with subsequent em-
barrassment of kidney function. In ter-
minal cases, the clinical picture of hyper-
tensive disease is often complicated by the 
symptoms and signs of uremia. Drowsi-
ness, confusion, coma, anorexia, nausea 
and vomiting are suggestive of such a 
course. An ammoniacal odor to the 
breath, urea frost, and a pericardia! fric-
tion rub, lend further support to the diag-
nosis. The renal manifestations of essen-
tial hypertension have been estimated to 
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be responsible for about 10% of deaths 
attributable to this condition. 
Malignant hypertension is a clinical 
term applied to the variety of essential 
hypertension which pursues a fulminat-
ing course. This phase, or variety of 
hypertensive disease, is also characterized 
by the presence of papilledema, primary 
affection of the kidneys, and its predis-
position for males in the 20-50 year age 
group. 
DIAGNOSIS 
The diagnosis of essential hypertension 
is best made on the basis of an accurate 
history, careful physical examination, and 
the judicious use of laboratory tests and 
ancillary methods of investigation, where 
indicated. The other causes of high blood 
pressure must be ruled out. A definite 
diagnosis should be withheld, if possible, 
until the patient has been observed and 
studied on a number of occasions. An 
attempt has been made to correlate a num-
ber of pressor tests (the most popular of 
which has been the cold pressor test), 
with the susceptibility to the develop-
ment of essential hypertension. These 
tests are equivocal and cannot be accepted 
as reliable indicies. In young subjects 
with intermittent elevations of blood 
pressure, it is frequent to find eye ground 
changes and a family history of hyperten-
sion . Occasionally, it is necessary to fol-
low such subjects for a prolonged period 
of time before making a definite diagnosis. 
DIFFERENTIAL DIAGNOSIS 
( 1) Normal Aging 
A rise in systolic, with little change 
in the diastolic blood pressure, often 
occurs as a normal manifestation of 
the aging process, and should not be 
considered as evidence of essential 
hypertension . The mechanism for 
such a change in blood pressure has 
been shown to be a progressive 
diminution in the elasticity of the 
aorta and its primary branches. 
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( 2) Conditions with Elevated Systolic 
and Diastolic Pressures 
(a) Renal Lesions 
The blood pressure is elevated 
in most cases of acute and chronic 
glomerulonephritis and chronic pye-
lonephritis, but it is rare for hyper-
tension to accompany acute pyelon-
ephritis. Some cases of nephritic 
hypertension progress to the malig-
nant phase. Essential hypertension 
can usually be differentiated from 
nephritic hypertension on the basis 
of concomitant clinical findings, but 
occasionally this distinction is diffi-
cult or impossible to make. 
A difficult problem is often posed 
by patients with hypertension and 
unilateral kidney disease. The ma-
jority of these patients have been 
shown to have chronic pyelonephritis 
in the affected organ. It must be 
stressed, however, that the number 
of patients with true Goldblatt kid-
neys is rare . Nephrectomy is only in-
dicated for hypertension in such 
cases where there is little or no func-
tion in the diseased organ and where 
the opposite kidney is able to com-
pensate adequately. 
Rare causes of hypertension asso-
cia ted with kidney lesions: 
(1) Trauma 
(2) Polycystic disease of the 
kidneys 
(3) Hydronephrosis 
( 4) Neoplasms 
(5) Amyloidosis 
(6) Infarction of the kidney 
A routine urinalysis, NPN, and in-
travenous pyelogram should be per-
formed on all patients suspected to 
have essential hypertension . Other 
laboratory tests and ancillary meth-
ods of investigation are indicated if 
these suggest primary renal pathology. 
(b) Endorine Disorders 
1. Diabetes Mellitus : 
Hypertension eventually de-
velops in the majority of patients 
with the Kimmelstiel-Wilson syn-
drome. Differentiation from essen-
tial hypertension may pose a prob-
lem. It is primarily based on the 
finding of proteinuria, prior to the 
onset of hypertension, the character-
istic picture of diabetic retinopathy, 
and other evidence of long-standing 
diabetes mellitus. 
11. Cushing Syndrome: 
Elevation of the blood pres-
sure is an integral feature of the 
Cushing syndrome, whether the cause 
be due to primary adrenal hyper-
plasia or tumor, or to a basophile 
adenoma of the pituitary . Diagnosis 
of this condition rests upon an assess-
ment of clinical features , estimation 
of the urinary-! 7 -ketosteroids, and 
upon other special diagnostic pro-
cedures . Overdosage with adrenal 
steroids may give rise to a Cushing-
like picture. 
111. Pheochromocytoma: 
Classically, pheochromocyto-
ma was described as producing par-
oxysmal hypertension . Many cases 
present with sustained elevations of 
the blood pressure. Some cases of 
essential hypertension, the "labile" 
hypertensives, display a fluctuating 
pattern, which may closely mimic 
pheochromocytoma. The diagnosis of 
a secreting chromaffin tumor pri-
marily rests upon the use of labora-
tory tests: 
( 1) Measurement of urinary 
catechols. 
(2) The injection of substances 
that will cause the secretion of 
adrenaline and/or noradrena-
line. 
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(3) The injection of adrenolytic 
agents. 
Occasionally, abdominal palpation 
with frequent blood pressure record-
ings may facilitate the diagnosis. 
Compression of the tumor by this 
manoeuver sometimes precipitates an 
episode of hypertension . 
(c) T oxemia of Preg11ancy 
Hypertension in pregnancy 1s 
most often due to the syndrome re-
ferred to as toxemia. Since this con-
dition rarely appears prior to the 
thirtieth week of gestation, and never 
before the twenty-fourth week (ex-
cept in the presence of hydatidiform 
mole), hypertension before the sixth 
month of pregnancy must be attri-
buted to some other cause. This is 
usually essential or nephritic hyper-
tension . In toxemia, hypertension 
generally precedes the proteinuria, 
and there is evidence of abnormal 
water retention plus other clinical 
findings. 
Post-toxemic hypertension presents 
a special problem. It is impossible 
to differentiate this condition from 
essential hypertension, unless the pa-
tient is known to have been nor-
motensive prior to her pregnancy. 
(d) Coarc/alim1 of Aorta 
The presence of coarctation of 
the aorta must always be entertained 
when assessing a patient with high 
blood pressure. The diagnosis of this 
condition is based upon the discrep-
ancy in blood pressure as measured 
in the arms and legs, absent or 
diminished pulses in the feet, auscul-
tation of the chest, and upon charac-
teristic X-ray findings. 
(e) !lllracrauia/ Lesions 
Essential hypertension can usual-
ly be distinguished from hyperten-
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sion due to C.N.S. lesions by the his-
tory, physical findings and an exami-
nation of the spinal fluid. Among 
the causes of hypertension due to 
such lesions are: 
(1) Increased intracranial pressure 
(2) Cerebral lesions 
(a) Trauma 
(b) Encephalitis 
(c) Neoplasm 
(3) Diencephalic syndrome. 
A psychogenic basis for hyper-
tension must always be considered. 
Differentiation from essential hyper-
tension may prove difficult ·in this 
instance, for the role played by the 
psyche in the pathogenesis of essen-
tial hypertension has not been defi-
nitely established . 
( 3) Conditions with Elevated Systolic, 
and Normal or Decreased Diastolic 
Pressures 
(4) 
(a) Aortic regurgitation 
(b) Paten/ ductus arleriosis 
(c) Arterio-venous fistula 
(d) Hyperthyroidism 
Rare Causes of Hypertension 
(a) Polycythemia mbra 11era 
(b) Collagen diseases 
I. Periarteritis nodosa 
II. Disseminated Lupus 
erythematosis 
(c) Toxic Factors 
I. Acute Plumbism 
ii. Systemic Infections 
(d) Amyloidosis 
In each case of hypertension, the or-
ganic, psychogenic, and laboratory find-
ings must be considered before making 
a final diagnosis . 
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TREATMENT 
(A) Treatment of Hypertension 
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As yet, no specific cure has been 
discovered for essential hypertension . 
Assuming that the pathogenesis of 
this condition involves a number of 
interrelated factors, it is obvious that 
no single chemical, surgical or medi-
cal measure, aimed at neutralizing 
one of the several influences will be 
effective in all cases. Each patient 
must be considered as an individual 
problem. Factors to consider in ther-
apy are : 
(1) The necessity of definite anti-
hypertensive treatment. 
(2) The choice of therapy, con-
sidering : 
(a) The possible complications 
of treatment. 
(b) The availability of hospital 
facilities , including labora-
tory services. 
(c) The skill and experience of 
the physician . 
(d) Problems presenting in the 
individual patient. 
( 3) Careful management once the 
mode of therapy has been de-
cided upon. 
Occasionally it is advisable to do 
nothing in a definite way for the 
hypertensive patient. An important 
factor in any form of therapy is re-
assurance, coupled with physical and 
mental rest. Exercise, however, with-
in the limit of the patients capacity, 
should be encouraged . A life full of 
interest and activity should be the 
main objective in each case. 
The efficacy of any form of ther-
apy may be evaluated according to a 
number of criteria : 
( 1) Reduction in systolic and dia-
tolic blood pressure. 
(2) Relief of symptoms. 
(3) Reduction in morbidity and 
mortality rates from causes attribut-
able to hypertensive disease. 
I. Diet 
The diet of hypertensive patients 
should be adequate, but a reduction 
in weight is advisable in obese pa· 
tients . A great deal of controversy 
surrounds the question of low sod-
ium diets in the management of 
essential hypertension . Some authors 
claim that rigid sodium restriction 
may, in itself, be sufficient to con-
trol the blood pressure; while others 
only use such a regime in the man-
agement of hypertensive disease with 
cardiac decompensation. As yet there 
is insufficient information concern-
ing the influence of rice diets, or 
prolonged rigid sodium restriction, 
on the course of hypertensive dis-
ease. Even if such a mechanism ex-
isted, however, the severe dietary dis-
cipline would prove unacceptable to 
many patients. 
II . Psychotherapy 
While it is generally agreed that 
psychotherapy is a valuable adjuvant 
to all forms of therapy for essential 
hypertension, it is of little value 
when used alone, except in cases of 
mild or labile hypertension, with an 
obvious psychogenic basis. 
III. Surgery 
Various forms of sympathectomy 
and splanchiectomy have been prac-
tised in the last twenty years in an 
attempt to reduce vasomotor tone in 
patients with essential hypertension. 
More recently, adrenalectomy and 
combined adrenalectomy. sympathec-
tomy procedures have been recom-
mended. Adequate surgical sympa· 
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thectomy unquestionably prolongs life 
when it lowers the blood pressure, 
but in many cases it fails to relieve 
hypertension permanently . 
The assessment of long term re-
sults and the establishment of criteria 
for the select,ion of patients is im-
possible at this time. Until such in-
formation is available, surgery should 
be reserved for uncooperative pa-
tients and for patients who fail to 
be adequately controlled on a chem-
otherapeutic regime. 
IV. Chemotherapy 
With the recent introduction of 
a number of useful hypotensive 
agents, the treatment of essential 
hypertension has taken on a new and 
more optimistic light. It now appears 
that the chemotherapeutic approach 
to this condition will furnish the 
most satisfactory results. In recent 
years a myriad of drugs have been 
advocated for the reduction and con-
trol of blood pressure. Many, how-
ever, have proved impractical, be-
cause of their undesirable side effects, 
difficulty in regulation of dosage, 
expense, or because they were un-
able to control the blood pressure 
adequately for a sufficient length of 
time. 
The various drugs used in the 
pharmacotherapy of essent·ial hyper-
tension may be considered as: (a) 
sedative or tranquillizing agents, 
(b) drugs designed to reduce the 
blood pressure directly. 
(a) Sedative or Tranquillizing Drugs 
( 1) Batbitttrates 
The most frequently pre-
scribed drugs for the treatment of 
essential hypertension are the bar-
biturates (notably, phenobarbital). 
Preparations such as this, aid in pro-
moting relaxation, and tend to give 
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relief from anxiety, emotional ten-
sion, and insomnia. Caution must 
always be employed, however, to 
prevent over-consumption and habit-
uation . 
( 2) Rauwolfia 
The latest drugs to gain 
popularity have been rauwolfia and 
its related extracts and alkaloids. 
These preparations are only mild 
antihypertensives, their widespread 
use being related to the simplicity 
and safety of their administration, 
and to their relatively few undesir-
able, or serious side effects . The 
rauwolfia drugs appear to exert 
their hypotensive action by a dis-
ruption of the sympathetic-parasym-
pathetic balance at the level of the 
hypothalamus, and by a direct action 
on the vasomotor centre. The gen-
eralized vasodilatation which results , 
lowers the blood pressure. By de-
pressing cerebral centres, the rau-
wolfia compounds exert a mild tran-
quillizing effect. This is particularly 
effective in relieving the anxiety and 
tension so frequently encountered 1n 
mild, labile hypertensives. 
Untoward reactions are often en-
countered, but they are seldom ser-
ious and usually disappear when the 
drug is withdrawn, or when the dose 
is reduced. Nasal congestion, in-
creased appetite, lassitude, drowsi-
ness, unpleasant dreams, muscle 
aches and pains, dyspnea, impo-
tence, diarrhea, depression, and rare-
ly, a frank psychosis, have been 
described . 
Rauwolfia is the drug of choice 
in initiating hypotensive treatment, 
for it decreases the severity of un-
pleasant side effects, and the total 
dosage requirements of more potent 
chemotherapeutic agents. When used 
alone, rauwolfia is most effective in 
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the treatment of mild hypertensives 
who have little cardiac, cerebral, or 
renal damage. 
(b) Drugs Designed 10 Red11ce !he 
Blood P,-essure Di,-ectly 
(1) Thiocyana/es 
Thiocyanates were among 
the first drugs to be studied as pos-
sible agents for the control of essen-
tial hypertension. Many bizarre hy-
potheses have been suggested con-
cerning their mechanism of action. 
None have been consistently sup-
ported by experimental investigation . 
These drugs are effective in mild 
and moderate hypertension, provid-
ing the proper laboratory facilities 
are available for blood level deter-
minations every 2-4 weeks until 
therapy is established, and every 4-6 
weeks thereafter. The desired thera-
peutic level is about 7-11 mgs. %-
Serious complications are rare if the 
dosage is properly regulated and 
based upon frequent thiocyanate 
blood level determinations. The in-
troduction of other hypotensive drugs 
in the last few years has l:u_gely 
relegated the thiocyanates to a posi-
tion of historical interest. 
(2) Veralmm Alkaloids 
The hypotension induced by 
veratrum alkaloids is likely due to 
a reflex inhibition of central vaso-
constrictor impulses, with subsequent 
peripheral vasodilatation . Alone, these 
drugs are of limited value in the 
treatment of essential hypertension , 
because of the relatively narrow range 
between therapeutic and toxic doses. 
The oral dose of Veraloid is 3-5 mg. 
TID. Tolerance is also a problem 
with these compounds. Side effects 
include bradycardia, hypotension, 
nausea and vomiting. 
Veratrum alkalaids have been used 
less extensively in the treatment of 
essential hypertension than in the 
hypertension associated with tox-
emia of pregnancy. 
( 3) H yd,-azinolhalazine 
Hydralazine (apresoline) is 
unique in its property of increasing 
cardiac output and renal blood flow. 
It acts directly on the smooth muscle 
of arterioles. In addition, there is a 
peripheral vasodilation due to a cen-
tral vasomotor action, the mechan-
ism of which is not clear. When 
used alone the oral dose of apreso-
line is 20-100 mg. QID. The develop-
ment of tolerance, the possibility of 
serious toxicity, and the high inci-
dence of untoward reactions have 
limited the usefulness of this drug. 
Side effects include headache, tachy-
cardia, palpitation, and more rare-
ly, edema, anemia, and skin rashes. 
Psychoses, pancytopenia, rheuma-
toid arthritis, and disseminated lupus 
erythematosis have been described 
following prolonged therapy employ-
ing large doses of the drug. 
Hydrazine is used in some chemo-
therapeutic combination-s. It has 
proved most useful in the manage-
ment of hypertension, in which there 
is considerable embarrassme.nt of 
kidney function . 
(4) Ganglionic Blocking Ageu/s 
Hexamethonium and the 
pentolinium salts have been valuable 
additions to the armamentarium of 
anti-hypertensive drugs. Methonium 
compounds lower the blood pressure 
and enhance peripheral blood flow 
by blocking sympathetic vasomotor 
impulses. In hypertensive patients, 
cardiac output, stroke volume, and 
left ventricular effort are reduced, 
but there is no appreciable diminu-
tion in coronary or cerebral blood 
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flow . Renal blood flow is diminished 
initially, but there is rapid recovery, 
Jespite continued hypotension. There 
is great individualism with these 
drugs. The methonium compounds 
exhibit frequent and sometimes ser-
ious side .effects. Postural hypoten-
sion is a common problem. This 
can often be ameliorated by instruct-
ing the patient to move slowly from 
the recumbent to the erect position , 
and by the use of an abdominal 
binder. Failure of visual accommoda-
tion, dry mouth, paralytic ileus and 
urinary retention may also prove 
troublesome, but the simultaneous 
administration of a parasympatho-
mimetic will often prevent their 
occurrence. 
Hexamethonium has been the most 
extensively studied methonium com-
pound. The inconvenience of admin-
istration, the great individual varia-
tion in its effectiveness, the develop-
ment of tolerance, and the not in-
frequent occurrence of troublesome 
side effects, has restricted its use to 
cases of essential hypertension that 
ca nnot be adequately controlled by 
less potent chemotherapeutic agents . 
Another methonium compound, pen-
tapyrrolodinium, has been introduced 
recently and promises to be superior 
to hexamethonium in many respects . 
(5) Sympathetic Blocking Agents 
Many other hypotensive 
agents have been recommended for 
the treatment of essential hyperten-
sion. The majority, however, have 
proven impractical because of their 
inefficiency, side effects, expense, or 
difficulty of administration. Perhaps 
the most disappointing preparations 
have been the sympathetic blocking 
agents, dibenzyline, dibenamine, tola-
zoline, benzazoline (Priscoline), di-
benzazepine (Illidar), and the dihy-
drogenated ergot alkaloids. Doses 
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sufficient to produce adequate hypo-
tensive eff.ect were intolerable when 
taken for any extended period . They 
are rarely used today. 
(c) Chemotherape11tic Combinations 
Of the hypotensive agents, a few 
have been used conveniently together. 
In some cases the actions of the com-
ponents are mutually synergistic. The 
principal advantage of therapeutic 
combinations is the reduction in the 
dosage of the components, made pos-
sible by their use together. The in-
ci dence of untoward reactions ts 
markedly reduced . 
Rauwolfia and veratrum have been 
used together in the treatment of 
moderately severe hypertension . This 
combination of rauwolfia with one 
of the methonium compounds seems 
to be the most effective chemo-
therapeutic combination for the man-
agement of severe hypertension . 
Whether or not hydrazinothalazine 
should be added to these two is de-
batable. While the individual dosage 
of the components can be lowered 
still further , there is danger of de-
veloping the rather ser ious side 
effects of hydralazine . 
(B) Management of ·complications 
A discussion of the management of 
complications of essential hypertension is 
quite beyond the scope of this brief 
account. Suffic·e it to say, the therapist 
must treat the patient, as well as the 
elevat-ed blood pressure. 
Among the more serious complications 
of hypertensive disease are congestive 
heart failure, angina pectoris, myocardial 
infarction, cerebral thrombosi s and hem-
orrhage, and renal failure. 
Symptomatic and supportive measures 
and the management of concomitant con-
ditions depends upon their severity, and 
upon problems presenting in the indivi-
dual case. 
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PROGNOSIS 
It is difficult to make an accurate prog-
nosis in essential hypertension because of 
the many unpredictable variables. With 
the introduction of more effective chemo-
therapeutic agents within the last few 
years, the disease has taken on a new 
and more optimistic outlook. 
There is a definite correlation between 
the presence of hypertension and the de-
velopment of arteriosclerosis. The ma-
jority of hypertensives ultimately suc-
cumb to arteriosclerotic complications in 
the heart and brain . It is a pertinent 
problem to determine in each case the 
contribution of each factor to the clinical 
picture. This information will influence 
the type of therapy employed and the 
results which can be anticipated from 
THE RELATIONSHIP OF CIRRHOSIS 
OF THE LIVER TO HYPERTENSION 
A Study of 504 Cases of Liver Cirrhosis: 
H. F. Loyke: 
Am. J. of Med. Sc. 203: 627, 1955. 
A number of investigators have com-
mented on the absence of experimental 
and clinical hypertension with liver dis-
ease. Recent studies have tended to con-
firm these ideas, when it was found that 
the frequency and degree of hypertension 
were substantially higher in a control 
group than in patients with subacute liver 
atrophy who later come to post-mortem 
examination . It was concluded that hyper-
tension could not occur in the presence 
of more than minimal liver damage. In 
view of this report, the author sought to 
examine the nature and frequency of 
hypertension a consecutive series of cases 
with liver cirrhosis; 504 cases with a 
positive diagnosis of hepatic cirrhosis 
were studied. 
Thi s study confirmed the impression 
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such treatment. The injudicious use of 
potent hypotensive drugs or radical anti-
hypertensive procedures can, in a patient 
with severe arteriosclerosis, result in 
thrombotic episodes in the heart or brain. 
This is particularly apparent in a patient 
who has developed an anginal syndrome. 
Similarly, a fall in systemic blood pressure 
can produce acute cerebrovascular insuf-
ficiency with a profound effect on cere-
bral activity. 
Only long term studies are capable of 
establishing the efficacy of present man-
agement. The adaptation of the patient 
to his condition and the empirical con-
trol of the blood pressure will remain 
as the principal features in any form of 
treatment until further knowledge is 
gained concerning the etiology and patho-
genesis of this condition . 
that hypertension is less likely to occur in 
cirrhotics than in normal patients. How-
ever, the renal and neurogenic mechan-
isms capable of elevating the blood pres-
sure remain intact in the presence of liver 
ci rrhosi s. In some cases hypertension was 
existent but disappeared as hepatic failure 
advanced. A large proportion of cases in 
which blood pressure fell as liver failure 
progressed, constitute most impressive 
evidence of the dependence of "essential" 
hypertension on adequate liver function . 
In these cases there is no evidence of any 
progressive malnutrition, cachexia or salt 
restriction, which if present, could have 
been causative in the lowered blood pres-
sure. 
The conclusions therefore are, that 
hypertension does not usually occur in 
the presence of hepatic cirrhosis; that 
hypertension may occur if renal disease 
develops in cirrhotics, and that established 
hypertension may disappear with the on-
set of liver cirrhosis. 
-James G . Goodwin, Meds '57 
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H ypothertnia • Surgery tn 
DUNCAN McPHERSON, Meds '56 
INTRODUCTION 
G eneral hypo thermi a has been defined as the physica l state of an homeo-
thermic individual in whom the body temperature is below the no rmal r ange for 
tha t indi vidual. At the present time a great deal of research is in progress toward 
a better understanding of this state . Hypotherm ia is in regular cl inical use in 
many centers already, and the advances whi ch this techniqu e has made possibl e 
in the fi e lds of neurosurgery and cardiovascul ar surgery should soon justify its 
discussion in th e curriculum for the medical stud ent. 
H ypothermi a is only the mos t recent of many grea t advances in anesthesia 
whi ch have extended the scope of the surgeon . End otrachea l techniqu es aided 
operati ons upon the head and neck ; whil e controll ed respiration allowed th e 
opening of the ches t cavities. Curare and related co mpounds have given grea ter 
muscle relaxati on with less anes thetic. and controlled hypotension has allowed 
opera ti ons th at o therwise would be impossible because of hemorrhage. General 
hypothermia is the cooling of the patient by a va ri ety of techniques, down to 
temperatures of 25° to 28°C. , wh ere oxygen consumpti on is greatly reduced . This 
has made possible the exclusion of gas fr om th e circul ation for an appreciable 
leng th of tim e. o r th e interruption of the circul ati on of the blood co mpl etely for 
advanced surgery . 
HISTORY 
Cold has never seemed to occupy such 
a prominent place in ~he physician's 
armamentarium as heat . With a few scat-
tered exceptions, it is only in the past 
twenty years that cold and its effect 
in the human body has been studied 
scientifically. 
As early as 1646, Marcio Aurelis Sev-
erino employed freezing mixtures of snow 
and ice to secure surgical anesthesia. 
During the Napoleonic Wars, observers 
noted that wounded soldiers often seemed 
to survive better if left in the cold than 
when brought at once into warm sur-
roundings. Baron Larrey, army surgeon 
to Napoleon, recorded that amputations 
done in cold weather, that is, below l9°C., 
were relatively painless and seemed to 
do well. 
The anesthetic effects of cold were 
first studied in human beings in a con-
trolled experiment by Smith and Fay in 
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the late 1930's. They used general hypo-
thermia to alleviate the intractable pain 
of cases of advanced breast carcinoma. 
Although successful, the method was 
technically not practiced and fell into 
disrepute. 
It has required the stimulus of war, 
when large numbers of people are ex-
posed to low temperatures, to cause a re-
vival of cold research. Methods were de-
veloped during World War II for the 
resuscitations of survivors of torpedoed 
ships or airmen ditched in the sea who 
had been exposed to severe immersion 
hypothermia. At the present time the 
more general climatic effects of cold are 
of national interest with the possibility 
of war in arctic areas. 
The past five years have seen hypo-
thermia emerge as a recognized adjuvant 
to rather advanced surgery. The chief 
exponents of it are Bigelow in Toronto, 
Swan in Denver, Laborit and Huguenard 
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in Paris, and Delorme and Ross in Eng-
land . Each of these groups has a differ-
ent method of securing lowered tempera-
tures, but the physiological changes which 
occur are the same in all cases except for 
minor differences to be pointed out as 
each technique is described later. 
PHYSIOLOGY OF HYPOTHERMIA 
It has been assumed generally that 
maintenance of body temperature at 37"C. 
was a necessity to a void irreversible dam-
age to cell and enzyme systems. Now it 
becomes apparent that cooling to lower 
temperatures is not harmful and may in 
fact be life-saving. 
Normally, the body responds to a cold 
environment in (a) attempting to pre-
serve heat by peripheral vaso-constriction, 
(b) producing more heat by shivering. 
If shivering be prevented, the body tem-
perature falls . 
Other Variables Than Cold 
( 1) the respiratory rate and type of 
induced respiratory cycle, which 
can significantly alte r electrolyte 
and water distribution , in turn in-
fluencing cardiac irritability and 
myocardial competence. 
(2) the anesthetic agents and pre-
operative indications which affect 
myocardial tolerance to cold, the 
oxygen consumption, and meta-
bolic pattern of response to hypo-
thermia, especially the sympathetic-
parasympathetic balance as it af-
fects cardiac functions . 
( 3) the pre-existing state of the heart 
- the diseased heart being less 
tolerant to the effects of cold. 
( 4) age and pre-existing hypoxia. 
The limiting factor in cooling is car-
diac irritability which, especially below 
28°C., leads to ventricular fibrillation, 
the chief danger in hypothermia. 
104 
General Observation 
Spontaneous respiration ceases at 25-
28 0C., hence the need arises for positive 
pressure respiration with oxygen . As cool-
ing progresses, the heart rate, cardiac out-
put, blood pressure, and cardiac conduc-
tions are all decreased-at the same time, 
cardiac irritability increases. 
Advantages of Hypothermia 
The chief advantage being sought is a 
decreased oxygen consumption in the 
tissues, which makes possible the inter-
ruption of the circulation for short per-
iods without cellular changes in the 
affected tissues . Bigelow has found that 
oxygen consumption by the tissues falls 
about 5% for each degree centigrade 
down to 27°C., and less rapidly below 
that. From this , he postulates an eventual 
state of suspended animation at a tem-
perature near 10°C. This means that at 
30°C., oxygen need is 65 % of normal, 
and at 28°C. , it is only 50% of normal 
values. The factor of cardiac irritability, 
however, sets up a barrier at about 24oC. 
An important factor is that cooled tis-
sues do not incur an oxygen debt pro-
vided the supply is within other limits 
just given . Thus oxygen need-tempera-
ture relations allow complete arrest of the 
general circulation for 6 to 8 minutes at 
28°C., with perfect safety ; which is time 
enough to allow repair of intra-cardiac de-
fects by direct-vision procedures. 
Previous mention has been made of the 
anesthetic property of cold . Swan ob-
serves surgical anesthesia at 28°C. , even 
though major organ function continues. 
This is important in that it allows use of 
lesser amounts of anesthetic agents which 
are toxic to the body and are respon-
sible for the post-operative nausea, vom-
iting, etc. 
Requirements 
Acid-base balance must be maintained 
by positive pressure respiration with oxy-
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gen. It has been shown that hyperven-
tilation, a method to secure a slightly 
higher pH than normal (about 7.5), is 
desirable because it lessens the incidence 
of cardiac irregularities. 
The fall of blood pressure due to the 
lessened heart action varies greatly with 
the individual, often going as low as 60 
systolic at 25-30oC. For this reason, it is 
best recorded by intra-artenal methods. 
Most investigators employ a nor-adrena-
line drip to keep blood pressure up to a 
reasonable level. There is apparent! y little 
risk to the tissues in general. 
Precautionary Measures 
Swan states that there is no specific 
cellular pathology above 20°C., even in 
periods of several hours. The conclusion 
has been reached by most investigators 
that cooling and re-warming in the range 
of 37-25 °C. is totally innocuous per se, if 
the usual precautions of maintaining ade-
quate respiration and blood pressure levels 
are observed . The only drawback to the 
procedure is the lowered threshold of 
ventricular fibrillation seen in both dogs 
and man near 28oC. 
Many theories have been advanced as 
to the cause of the ventricular fibrilla-
tion-most of them logical, but none 
proven as yet to be the real cause. Tem-
perature gradients across the myocardium 
due to the right heart blood b-eing colder 
in cooling; and circulating adrenaline due 
to cold stress are two recently suggested . 
Swan feels it is due to a disturbance of 
potassium balance in the myocardium. 
He employs deliberate hyperventilation 
with oxygen throughout the procedure 
to maintain potassium balance in heart 
muscle-always being sure that the pH 
of the right auricular blood is at least 
7.5 before occluding circulation for a 
cardiotomy. 
There is reason to believe that a dis-
turbed sympathetic parasympathetic bal-
ance might be a contributing factor in 
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this irritability problem. Swan , who has 
done the most work in this subject, has 
found that cold depresses vagus function 
more than sympathetic functions . Admin-
istration of acetyl choline, neostigmine 
and stimulation of the peripheral end of 
the vagus nerve all inhibited ventricular 
fibrillation in dogs under hypothermia. 
Applying this knowledge to human be-
ings, Swan administers a small dose of 
neostigmine into the root of the clamped 
aorta so as to get coronary perfusion of 
the neostigmine. As a safeguard, should 
the dose prove too large and cause the 
heart to slowly stop, calcium may be given 
to counteract the neostigmine which has 
a potassium-like effect. The same ra-
tionale applies for the avoidance of the 
use of pre-operative atropine. 
Disturbed myocardial functions evi-
denced as ventricular fibrillation is the 
major cause of death in hypothermic sur-
gery. The risk of this occurring mes 
sharply in: 
(a) diseased heart, 
(b) occlusion time beyond eight 
minutes, 
(c) temperatures below 26oC. 
This discussion of the physiology of 
hypothermia is admittedly brief. Most 
writers devote their articles to a descrip-
tion of actual techniques rather than 
the changes recorded in the patient. As 
Swan emphasizes, each case is different 
and no hard and fast rule can be set as 
to what schedule to follow in inducing 
hypothermia. It is a physiological adven-
ture with danger and limitations, but 
these must in each case be weighed against 
the advantages to be gained by its use in 
the attainment of the operative objectives. 
TECHNIQUES TO HYPOTHERMIA 
In the field of hypothermia there are 
two very different schools, with grada-
tions between them. Depending on the 
type of hypothermia employed, different 
lOS 
---Hypothermia in Surgery--------------
objectives are sought. At one end ~f. t~e 
scale is the European concept of artlftoal 
hibernation as practiced since 1950 by 
Laborit and Huguenard . At the other ex-
treme are the deep cooling techniques of 
Swan, Bigelow, Delorurn, and Ross. Be-
tween these two schools are many others 
who employ methods that are a mixture 
of two techniques. 
"Artificial Hibernation" Method 
The type of hypothermia used in Europe 
is better thought of as a modified anes-
thetic technique, and is called by its pro-
ponents, "artificial hibernation". It is not 
suited to the extensive cardiac and brain 
operations done uder low temperatures by 
Swan and other advocates of deep physi-
cal cooling. Artificial hibernation aims to 
produce a general state of hypoventila-
tion so that the body can efficiently 
counter-act lesion-causing syndromes that 
would be fatal in all other circumstances. 
Laborit believes that death is in many 
cases due to an over-action of the autono-
mic nervous system in an attempt to 
preserve the constancy of the internal 
environment. In this way the reserves of 
the body are rapidly used up in a futile 
attempt to keep temperature, blood pres-
sure, and so on, at normal levels. If the 
autonomic influences could be blocked, 
then these general metabolic processes 
would slow down and allow recovery at 
a lower level of inner activity. Laborit 
and Huguenard employ a mixture of 
drugs to produce a central neuroplegia 
and so prevent the pituitary-adrenal com-
plex from reacting to the stress in the 
first place. The mixture used is aptly 
called a "lytic Gocktail" , and with varia-
tions, consists of 50 mg. promethazine; 
50 mg. chlorpromazine; and 100 mg. 
nuperidine given intravenously by a drip 
before operation. By this means he secures 
a non-specific, diffuse autonomic block, 
and stability of the central nervous sys-
tem and cardio-vascular system at a tern-
perature of 33-35•C. However, oxygen 
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consumption is little affected at this level, 
and some others employ wet sheets or 
ice packs to reduce the temperature 
further. 
Laborit was the first to use this meth-
od; he had read accounts of soldiers dur-
ing the Napoleonic Wars, surviving great 
ordeals if at low temperatures. In cases 
of severe aggression, for example burns, 
shock from injury, surgery, perhaps re-
frigeration would be the avenue to allow 
the body to passively accept the aggres-
sion. He argues that physical cooling, 
using anesthetic and curare to inhibit 
shivering and other natural responses to 
the cold, is bad, and says that "surgery 
in such cases is done at the stage of final 
dissolution of the subject" . The lytic 
cocktail on the other hand, has certain 
advantages. It acts from within with 
chlorpromazine or largactil as the main 
active principle. The properties claimed 
for the drug are its inhibitions of the 
autonomic nervous system, especially the 
sympathetic portion, and its depression 
of the central nervous system to give 
hypothermic, hypnotic, anti-pyretic, anti-
convulsant, and anti-emetic effects. 
Its hypothermic effect is due to a direct 
action on the thermo-regulating center in 
the central nervous system, thereby pre-
venting shivering and other responses to 
cold such as peripheral vasoconstriction. 
Chlorpromazine also potentiates the re-
laxation due to curariform and has a 
quinidine-like effect on the heart. Also 
it should be remembered that the drug 
potentiates barbiturates and is irritant to 
veins, so must be well diluted for intra-
venous use. 
Skeptics call the French method "poly-
pharmacy" and claim the "lytic coktail" 
has no more cooling effect than the use 
of relaxants plus pentobarbital. 
Laborit makes great claims for it but 
acknowledges its limitations. He hopes 
to develop a state of the body analogous 
to that of the hibernating animal through 
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the use of drugs. Practical trials of the 
method have given good results. Smith 
and Fairer in England report thirty-six 
cases of major operations in poor risk 
patients. They give the cocktail, with 
thiopentane relaxants, and oxygen is 
needed. During operation, respiration is 
shallow, heart rate constant, and blood 
pressure about 100 systolic. Body tem-
perature falls to 35-36°C , and returns to 
normal in 6 hours. They claim better 
results in serious cases than would be 
possible with ordinary anesthetic tech-
niques and have no undesirable after-
effects such as nausea and vomiting or 
headache. Intravenous is used only to 
replace the actual measured blood loss. 
This method is said to be best for feeble 
patients or for difficult and prolonged 
operations, and it is claimed to reduce 
greatly the body's unfavorable responses 
to surgical trauma. Barclay, Grizo, Steven-
son, and Walsh report another small 
series of "last-ditch" cases done with 
autonomic block plus wet sheet and ice 
cooling to 30°C., with good results. They 
also emphas-ize that in the hypothermic 
state, blood and fluid replacement should 
not exceed the measured loss. 
"Physical Cooling" Method 
A method of hypothermia which seems 
to offer most for advanced types of sur-
gery is that being studied by Henry Swan 
of Denver. Dr. Swan has recently pub-
lished a report of 100 clinical trials along 
with a description of his techniques. His 
object is to secure a bloodless field for 
operation by temporary occlusion of the 
blood circulation. The low temperature 
used to prolong the time-tolerance to 
ischemia have made possible the repair 
of cardiac defects hitherto considered 
impossible. 
lndicatiom (Swan): 
( i) for open direct vision cardiac pro-
cedures and cerebrovascular oper-
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ations, using occlusion to secure a 
bloodless field, 
(ii) to improve the risk in patients 
with cyanotic, congen ital or ac-
quired heart disease, 
(iii ) to achieve a physiological hypo-
tension and lower the operative 
blood loss even in absence of com-
plete occlusion, 
(iv) hypothermia is anesthetic itself, 
so less use need be made of toxic 
anesthetic agents, an important ad-
vantage in portal-caval shunts in 
cirrhosis. 
The method used by Swan is typical in 
most respects of hypothermia as employed 
on this continent in the repair of cardiac 
defects. The apparatus used is fairly 
simple. 
Pre-operative drugs used are : 
(a) digitalis for failure, 
(b) pen,icillin routinely, 
(c) barbiturates, morphine, or 
demerol sedative. 
Tech11ique 
Anesthesia is with ether, and a slow 
intravenous glucos-e drip is given in the 
arm. An electro-cardiogram with needle 
electrodes, rectal thermometer, and intra-
arterial blood pressure recordings are made 
continuously. After induction, the patient 
is placed in a tub of cold water and given 
curare if shivering is noted. As the body 
temperature starts to fall, ice is added to 
the water. At 31 oc., the anesthetic is 
stopped and ether is washed out with 
hyperventilation using pure oxygen . The 
patient is removed from the ice water 
now before the desired temperature is 
reached because he will keep on cooling 
by about two-thirds the temperature loss 
while in the ice bath. Cooling requires 
about 45 minutes in an adult. 
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After carefully drying the patient, the 
lower abdomen is wrapped in felt and 
surrounded by a diathermy coil to be used 
in re-warming. The operation now com-
mences and the heart is exposed. Blood 
is replaced as it is lost. 
In heart operations, curare is given be-
fore circulatory occlusion to prevent dia-
phragm contraction as respiration is re-
sumed after the occlusion. The blood pH 
of the right auricle should be 7.5. As 
inflow veins are clamped, and after a 
slight delay while the heart empties and 
arterial changes are applied, a small dose 
of neostigmine is given into the base of 
the aorta. The breathing apparatus is dis-
continued. The patient is motionless, the 
circulat.ion is stopped and repair of heart 
defects must be done within eight minutes. 
After cardiotomy is closed, the occlu-
sion clamps are released, and ventilation 
with pure oxygen is resumed to blow off 
the accumulated carbon dioxide. The 
diathermy is turned on to warm the pa-
tient and raise the blood pressure so that 
the latent bleeders can be found and tied 
before the chest is closed . Diathermy has 
been found to rewarm just as rapidly as 
hot water immersion, and with less dan-
ger of rewarming shock since deep and 
superficial tissues are warmed at the same 
time. 
The average waking temperature is 
34•c. The endotracheal tube is removed 
after spontaneous breathing is established . 
The patient continues to look very pale 
for two to four hours post-operatively due 
to peripheral vasoconstriction. 
The dangers to guard against are : 
(a) ventricular fibrillation , 
(b) coronary air embolism. 
Treatment for Complications 
To treat ventricular fibrillation re-
warming is started at once, potassium 
chloride given by coronary perfusion and 
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then electric defibrillator is applied. Man-
ual com pression restores coronary circu-
lation. Adrenaline into the right auricle 
is a last resort. 
Coronary air embolism is easily taken 
care of by massaging the air through into 
the venous side of the coronary circula-
tion-also by observing care in closure 
of the heart under saline. 
A ssessment 
The cases reported by Swan comprised 
fifty-nine direct vision cardiac procedures, 
twenty-one closed cardiac procedures, and 
twenty non-cardiac operations. The mor-
tality was 22 % , of these eight were un-
related to hypothermia, while fourteen 
were adjudged as probably due to hypo-
thermic technique. Of the fourteen, 
eleven were due to ventr'licular fibrilla-
tion or standstill as a primary cause, the 
other three died of thrombo- embolism 
and heart failure. From the study of these, 
it was concluded that the presence of a 
diseased heart is the main factor in the 
incidence of ventricular fibrillation under 
hypothermia and that there is a very low 
risk of ventricular fibrillation in non-
cardiac procedures in persons with nor-
mal hearts. When vriewing the mortality 
rate, remember that these were all seri-
ous operations and it was believed in 
many that hypothermic surgery offered 
the best if not the only chance of life. 
There are arguments for and against 
Swan's method of surface cooling. Some 
say it can not help but stimulate the sym-
pathetic response to cold and in this way 
upset the balance of homeostatic mechan-
isms. Others object to the use of seda-
tion and anesthetic to abolish the cold 
responses . To its advantage is the rela-
tive simplicity of the method, provided 
that the operating team is experienced. 
The paper by Swan is impressive and this 
certainly seems to be the most practical 
method so far . 
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Extra-Corporeal Blood Stream Cooling 
This is used by Delorme and Ross of 
England and involves extra-corporeal 
blood stream cooling to achieve lowered 
body temperatures. 
Technique 
Pre-operatively, blood and electrolyte 
levels are carefully checked. Presence of 
cold agglutinins must also be ruled out. 
Pre-medication and anesthesia are given 
as usual and ventilation is carried on by 
positive pressure apparatus, with the ex-
ception of the period of circulatory arrest. 
Continuous records are made of electro-
cardiograms and temperature of pharynx 
and chest. The saphenous vein is cannu-
lated in the femoral triangle and a saline 
drip is connected . The chest is opened 
and the heart is exposed at normal tem-
perature. There is no danger of ventricu-
lar fibrillation as yet. Now the decision 
is reached as to whether cooling will be 
needed or not. If hypothermia is needed, 
a cannula is placed into the right auricular 
appendage and up into the superior vena 
cava. Blood is removed from the super-
ior vena cava end, and run through a 
refrigerated coil and back into the body 
via the saphenous vein . The total cool-
ing time is forty-five minutes, and then 
the cardiotomy may be done. After car-
diac repair is completed, rewarming is 
carried out by the same means up to 
35oC. A nor-adrenaline drip is used here 
also to preserve systolic blood pressure 
above 80. 
Advantages 
Blood stream cooling gives good con-
trol of rat·e and depth of cooling. Since 
it employs only venous blood, it avoids 
damage to major arteries, and the harm-
ful effect of creating an arterio-venous 
fi stula . This method is restricted to sur-
gery of the heart and great vessels, but 
for this it has some advantages. 
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Delorme claims that the fall of eosino-
phils and rise of blood sugar in surface 
cooling are evidences of an adrenaline re-
sponse to cold stress. These changes are 
not seen in perivascular cooling theoreti-
cally, because of an absence of surface 
stimulation, and a direct and early de-
pression of endocrine and neural mechan-
ism by cold . Of lesser importance is the 
absence of any local cold injury which is 
seen occasionally with ice baths. A better 
control of temperature is possible by 
avoidance of the after-drip seen in sur-
face techniques due to re-circulation in 
chilled surface tissues, remembering that 
the outer two centimeters of the human 
body comprises about one-half of its mass. 
No drugs need be used, just anesthetic 
for induction. Cold itself produces re-
sponse mechanisms. Although it has these 
advantages, perivascular cooling is not 
likely to offer as much as surface cool-
ing techniques, because of the apparatus 
needed, and the fact that it is limited for 
the most part to cardiac operations. 
CONCLUSION 
Other techniques in use are just varia-
tions of the three already described. Hypo-
thermia is still experimental and risky, 
but it has g reat promise of widening the 
field of surgery. The main drawback so 
far is ventricular fibrillation which awaits 
a better understanding of heart physi-
ology for its solution . 
Hypothermia may be of value in any 
condition which is benefited by the re-
duced oxygen need of the tissues, 
physiological hypotension, and generally 
decreased temperature which it makes 
possible. 
The most publicized use ts m the field 
of cardiovascular surgery and neurosur-
gery. Many other conditions come to 
mind where it might be used more as a 
therapeutic agent than as an adjunct to 
surgery. For instance, acute lung disease; 
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anemic and hypertensive crises; internal 
hemorrhage; and hyperpyrex.ic states of 
various causes would all stand to gain by 
the lowered oxygen need, hypotension, 
and low temperature. 
The list of possible uses will grow with 
time and it is hoped that this discussion 
will enable a better understanding of 
hypothermia as it comes into more gen-
eral application . 
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Myxedetna 
and M yxedetna Heart 
DAVE BARNES, Meds '57 
IJ.\'TRODUCTION 
The name myxedema is of Greek derivation, myxa meaning mucous and 
oidema meaning swelling. Myxedema is generally applied to the condition which 
results from atrophy or loss of function of the thyroid gland in later life . It 
occurs primarily in women of middle age. The prognosis for complete relief is 
very favorable if treated with thyroid hormone. If it is untreated, death ensues 
due to the degenerative processes secondary to the tissue changes of myxedema ; 
before the advent of antibiotics , however, death was due to secondary infections. 
Myxedema has been recognized as a clinical entity for little more than a 
century. In 1850, Curling recognized the importance of the thyroid gland in 
certain hypothyroid conditions; and in 1856 Schiff published a paper on the 
effect of thyroidectomies on dogs . These papers were certainly instrumental in 
the work of Gull , who in 1873 gave the classical description of myxedema, and 
discovered its cause. Schiff in 1884 made a further contribution by discovering 
that thyroidectomized dogs could be saved by a thyroid transplant. This experi-
ment ultimately led to the treatment of myxedt:ma wih thyroid extracts which 
gave excellent results. 
MYXEDEMA 
Rarely are we presented with a more 
classical picture in clinical medicine than 
the short, frequently overweight, pudgy-
faced, somewhat expressionless individual 
who responds to questioning slowly but 
accurately in a hoarse voice and complains 
only of extreme weakness. This is the 
full-blown picture of adult myxedema, 
all too frequently the stage in which it 
is first recognized. 
Clinical Manifestations 
The clinical manifestations of myx-
edema are numerous and extensive. The 
most pertinent in order of their fre-
quency are: 
1. Solid, non-pitting pseudo-edema of 
the skin and mucous membranes 
caused by infiltration with an acid 
mucopolysaccharide. 
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2. Weakness, due to a lowered meta-
bolic rate and secondary anemia. 
3. Coarsmess and dryness of skin, caused 
by the absence of stimulation of the 
sebaceous and sweat glands by the 
thyroid hormone. 
4. Sensitivity to cold, due in major part 
to nature's effort to conserve heat. 
5. Apathy, resulting from lower emo-
tional level, extreme complacency and 
lack of initiative. 
6. Slownes.r of speech is caused by a 
swollen thick tongue and the accom-
panying mental changes. 
7. Edema of eyelids and face. 
8 . Impairment of memory. 
9. Coarseness of hair, which is a result 
of a lowered nutritional status of in-
dividual cells and alterations in the 
metabolism of cholesterol. 
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10. Tbick tongue, probably due to myx-
edematous infiltration. 
11. Increase in weight. This is not fat 
but is due to added fluid occasioned 
by myxedematous infiltration. In more 
severe cases, however, a decrease in 
weight may be seen. 
12. Loss of bair, caused by lowered nu-
tritional status of the cells. It might 
be interesting to note here that thin-
ning of the outer portion of the eye-
brows is not as characteristic of 
myxedema as originally believed, for 
it occurs rather infrequently and may 
be seen in a number of other 
conditions. 
13. Enlargement of the heart or myx-
edema heart, which will be discussed 
later. 
14. Myxedematous pallor of skin a11d lips 
due to an associated carotenemia re-
sulting from hepatic insufficiency. 
The carotene is not converted to 
vitamin A. 
15. Other manifestatiom are hoarseness, 
constipation, dyspnea, irregularities in 
menstruation, anorexia, nervousness 
and irritability, pericardia! pain, pal-
pitation, weakened heart sounds. 
In brief, the manifestations of myx-
edema may be observed in the following 
spheres: 
- mental and psychic 
-the nervous system 
- body weight 
- the skin and appendages 
--cardiovascular 
-gastro-intestinal 
-genital system 
- interglandular relations. 
Etiological Factors 
McGavack presented a five-fold divi-
sion in his etiological classification of 
myxedema. 
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1. Secondary to thyrotoxicosis-When 
hyperplasia of the thyroid has per-
sisted a sufficiently long time, it 
may result in atrophy associated 
with hypothyroidism. 
2. Secondary to hypofunction of anterior 
lobe of tbe pituitary-This is a rare 
condition and may be differen-
tiated from other forms of myx-
edema through signs and symp-
toms of the severe dysfunction 
which exists concomitantly in other 
glands of internal secretion. 
3. Sec011dary to simple atrophy of tbe 
thyroid-The etiology of which is still 
undetermined although exhaustion 
atrophy has been suggested. 
4. Secondary to chronic thyroiditis-This 
cause is extremely rare. 
5. Artificial myxedema-Artificial myx-
edema is due to thyroidectomy, or 
secondary to administration of cer-
tain drugs such as thiouracil and 
Iodine 131. 
Additional predisposing factors have 
been suggested by Joll and Levitt- preg-
nancy, complicated by mental anguish 
and infection, unsanitary conditions, de-
fective diet, infections and toxic states. 
Several cases may occur in one family and 
hereditary tendencies have been recorded. 
Many of the causes of myxedema are 
unknown, but the main etiological fac-
tors seem to be hereditary, hormonal, in-
fectious, and artificial. 
MYXEDEMA HEART 
The myxedema heart is an extremely 
controversial subject. Some authorities 
have described this as a definite clinical 
and pathological entity, while others have 
claimed its non-existance. 
Gross Features 
The heart is enlarged, soft, and pale, 
and fibrosis may follow due to athero-
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sclerosis in many cases. Some papers, 
however, have denied any specific changes 
in a myxedema heart. 
The enlargement has been attributed 
to several factors , but is as yet undecided. 
Pericardia! effusion, myxedematous swell-
ing of the myocardium and dilation due 
to degeneration in the myocardium have 
been suggested . 
The pericardia! effusion described by 
some is of high protein and cholesterol 
content, and is undoubtedly due to in-
creased capillary permeability, and per-
haps a disturbance in the electrolyte bal-
ance. There are E.C.G. reports to sub-
stantiate this theory in some cases of 
myxedema. Some say that this is the 
main or only cause of the enlarged 
myxedema heart. Others say it occurs 
occasionally. 
Not infrequently the enlargement of 
the heart has been attributed to myxede-
matous infiltration of the myocardium by 
a mucopolysaccharide. 
Others believe that the enlargement is 
due to a dilation of all heart chambers. 
This dilation is caused by degenerative 
changes in the myocardium which may 
lead to fibrosis , hence a weakening of 
the myocardium and a subsequent dila-
tion . Other gross features such as soft-
ness and paleness are due to myxedemat-
ous infiltration and degeneration of the 
myocardium. 
Microscopic Features 
Microscopically, hydropic vacuolation 
of the sarcoplasm is often found . This 
is in close association with loss of stria-
tion, fragmentation, pale staining and 
ultimate fibrosis . Muscle fibers are swol-
len and edematous; nuclear changes have 
also been noticed. Interstitial edema and 
edema of epicardial fat have also been 
described. 
MAY, 1956 
Physiological Manifestations 
These are numerous and include 
changes in the electro-cardiogram tracings, 
cardiac activity, and blood changes. 
(a) E.C.G . Changess The characteristic 
change in the E.C.G. tracings have been 
described as lowering of the voltage in 
tracing with the T-wave often inverted 
and a prolonged P-R interval. These 
changes do not occur in patients with 
hypometabolism from other causes, and 
are rarely, if ever, absent in severe hypo-
thyroidism; but are not specific for this con-
dition . Some authors, however, point out 
a similarity in E.C.G. tracings from pa-
tients with pericardia! effusions and from 
patients with myxedema. This suggests a 
common origin but has not been proven . 
The cause of this typical E.C.G. change 
is attributed to pericardia! effusion by 
some, others say the change is due to 
mucous infiltration of the Bundle of His, 
increased vagal tone, low B.M.R., or 
associated anemia and myocardial anoxia. 
Still others suggest a lowered nutritional 
level as the cause. 
(b) Cardiac Changes: There have been 
some other fairly constant cardiac find-
ings in connection with myxedema. Feeble 
impulses are invariably found and the 
heart rate is slow. Consequently heart 
sounds are faint and cardiac output per 
minute volume is decreased. Arrhythmias 
and palpitations have occasionally been 
observed. 
Impairment of the heart function, that 
is a feeble and slow beat, is due to edema 
of the muscle fibers. On the basis of ex-
periments with the cat heart, Gould says 
that bradycardia of hypothyroidism is 
caused by changes of sensitivity of adren-
ergic and cholinergic heart effectors to 
the respective neuro-transmitters. 
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(c) Blood Findings : Certain blood find-
ings are also important in considering the 
myxedema heart. A high serum Choles-
terol is invariably recorded and has been 
known to reach a level of 700 mgm. % 
(the upper limit of normal being 300 
mgm.%) . Some authorities have attempted 
to point out correlation between B.M.R. 
and blood cholesterol levels. This re-
mains a very debatable point. 
High cholesterol level in the blood may 
be explained by several factors, the most 
important of which seem to be lessened 
destruction, lessened excretion in the in-
testine, and a decrease in the use of 
cholesterol in hepatic synthesis. It might 
also be noticed that in myxedema there 
is marked atrophy of the adrenal cortex, 
where there is normally a high choles-
terol turnover. This might also tend to 
increase blood cholesterol levels. 
Another change in the blood is the 
lowering of the blood sugar. This is due 
to an underfunction of the adrenal cortex. 
The nourishing power of the blood is 
diminished due to a secondary anemia 
that is often associated with myxedema. 
This anemia is caused by an iron defi-
ciency or it may be attributed to the low 
activity of the bone marrow due to lack 
of stimulation by thyroxin. 
Vascular Aspects 
The myxedema heart cannot be ade-
quately covered without considering the 
manifestations of the coronary vessels. 
Most authorities associate coronary athero-
sclerosis with the myxedema heart. These 
men tend to connect the atheromatous 
plaques with the high serum cholesterol, 
but this inference is far from being 
conclusive. 
Nutrient arteries of the heart have been 
observed to be partially occluded either 
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by pressure of the edema in the myocar-
dium or as more frequently described by 
coronary sclerosis. Recently workers have 
had great success in producing athero-
sclerosis in animals by maintaining high 
levels of serum cholesterol. There is also 
a strong clinical inference in favor of the 
correlation of high serum cholesterol to 
the incidence of atherosclerosis. This 
correlation is, however, far from being 
confirmed; in fact, in one paper Blumgart 
very convincingly showed that athero-
sclerosis plaques were not present in ex-
cess of normal in artificially induced 
myxedema. 
The other outstanding vascular change 
is an increase in capillary permeability. 
This is a common finding in myxedema. 
Summarizing the explanations of the 
various manifestations, we find the in-
crease in heart size is due to pericardia! 
effusion, myxedematous infiltration or 
dilation of the chambers. E.C.G. changes 
are caused by effusion, mucous infiltra-
tion of the conducting system, increased 
vagal tone, low B.M.R. or anemia. 
Impairment of heart function is due to 
edema or a nerve block. High blood 
cholesterol is due to lessened destruction, 
excretion and metabolism of cholesterol. 
Occluding of the vessels is caused by 
pressure of edema and atherosclerosis. 
Treatment 
The treatment of the patient with car-
diac manifestations in myxedema is very 
important and should be undertaken with 
g reat care. 
If moderate or large doses of thyroid 
are g iven carelessly and indiscriminantly, 
g reat harm can be done, resulting in in-
farcts , angina pectoris, cardiac failure, etc. 
On the administration of thyroid extract 
the body metabolism is soon increased. 
This places an increased demand on the 
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heart almost immediately; but does not 
allow the heart time to resorb interstitial 
edema in the myocardium or lipid mater-
ials in the vessel walls or repair any other 
myocardial changes . The adrenal cortex 
has had no opportunity to regenerate and 
thus the blood sugar is still low - too 
low to supply the new demand of the 
heart. The net result is an additional 
strain on the already overburdened heart. 
Considering these facts, treatment should 
be very moderate. One should start with 
as little as .025 grains of desiccated thy-
roid substance, gradually increasing this 
dose over many weeks to a maintenance 
dose of approximately 1.5 grains, depend-
ing on the patient's B.M.R. and general 
condition. The maintenance dose should 
be continued indefinitely and if any signs 
of cardiac malfunction occur the dosage 
should be decreased. 
Treatment in cases of the myxedema 
heart should be very conservative, thus 
allowing heart damage to be repaired and 
it should be modified if there are cardiac 
manifestations. 
Conclusion 
The most important clinical manifesta-
tions and the etiology of myxedema have 
been presented. 
The manifestations found in myxedema 
heart include: 
(a) grossly a large, r>ale heart 
(b) microscopically, hydropic degen-
eration 
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(c) physiologically, changes in the 
E.C.G., cardiac output and blood 
(d) vascular changes which are nar-
rowing of the nutrient arteries and 
increased capillary permeability. 
The necessity of conservative treatment 
in cases of myxedema heart has been 
explained. 
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Recent Acquisitions 
Library 
• tn the 
The library of the University of Western Ontario contains approximately 
49 000 volumes all fully catalogued, and is regarded as one of the best working 
co itections of its kind in Canada. It is particularly rich in complete files of the 
more important medical journals. The total number of titles of periodicals, 
complete or inco mplete is nearly 2200, while 740 periodicals and 71 annuals are 
received currently . 
All the books are on open shelves and th e students have access to all books 
and current periodicals . Recent acquisitions by the library are placed on the new 
book shelves where they are left for the staff and student appraisal and consider-
ation. Of these new books, we have selected the most recent and the most out-
standing for your immediate attention . 
ANIMAL CULTURE 
McGrath, John T.: Neurologic examin-
ation of the dog, with clinicopatho-
logic observations. 1956. 
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Bates, Marston : The prevalence of people. 
1955. 
Keller, Helen Adams: Teacher : Anne 
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Taylor, Malcolm G.: The administra-
tion of health insurance in Canada. 
1956. 
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Browne, Francis James : Antenatal and 
postnatal care. 1955. 
Browne, Francis James : Postgraduate 
obstetrics and gynaecology. 1955. 
Greenhill, Jacob Pearl : Obstetrics. 1955. 
HUMAN ANATOMY 
Eranko, Olavi : Quantitative methods in 
histology and microscopic histochem-
istry. 1955. 
Ramon y Cajal : Studies on the cere-
bral cortex (!imbrie structures) . 1955. 
INTERNAL MEDICINE 
Burke, Richard Michael: An historical 
chronology of tuberculosis. 1955. 
Hinshaw, Horton Corwin : Diseases of 
the chest. 1956. 
Katz, Louis Nelson : Clinical electro-
cardiography. 1956. 
116 
Rose, Arnold Marshall: Mental health 
and mental disorder. 1955. 
Russell, Paul Farr : Man's mastery of 
malaria. 1955. 
Soffer, Louis Julius: Diseases of the 
endocrine glands. 1956. 
World Health Organization : Hospitali-
zation of mental patients. 1955. 
MEDICINE (GENERAL) 
Ackerknecht, Erwin Heinz: A short 
history of medicine. 1955. 
Kirk, Paul Hayden : Doctors' offices 
and clinics . 1955. 
Sinclair, David Cecil : Medical students 
and medical sciences. 1955. 
NATURAL HISTORY 
Heilbrunn, Lewis Victor: The dynamics 
of living protoplasm. 1956. 
Shanes, Abraham M. ed.: Electrolytes 
in biological systems. 1955. 
OPHTHALMOLOGY 
Rycroft, Benjamin William, ed.: Cor-
neal grafts. 1955. 
PATHOLOGY 
Levinson, Samuel Azor : Clinical labora-
tory diagnosis. 1956. 
PHARMACY 
Fleck, Harry Ronald: Synthetic drugs. 
1955. 
PHYSICS 
Hunt, Richard McMasters: The place of 
religion in the science of Robert 
Boyle. 1955. 
U.W.Q. MEDICAL JOURNAL 
PHYSIOLOGY 
Henshaw, Paul Stewart: Adaptive hu-
man fertility. 1955. 
Koppanyi, Theodore : Experimental phar-
macodynamics. 1955. 
McDowall, Robert John Stewart : Hand-
book of physiology and biochemistry. 
1955. 
Smith, Homer William: Principles of 
renal physiology. 1956. 
Winton , Frank Robert: Human physio-
logy. 1955 . 
PUBLIC ASPECTS OF MEDICINE 
Gray, Kenneth George: Law and the 
SOME PHYSIOLOGICAL 
VARIABLES IN HYPOTHERMIA 
by Capt. T. G . Barila, M .C. 
Col. H. C. Slocum, M.C. 
W ashington, D .C. 
Rocky Mountain Medical Journ al 
Vol. 52, No. 8, August 1955. 
Surgical Hypothermia, with body tem-
perature below 36°C., is "moderate" 
(between 36-32oC.) and "deep" (32oC. 
and lower). Moderate hypothermia is 
adequate in the surgical treatment of 
cyanotic congenital heart diseases where 
tissue oxygen requirements must be de-
pressed so as to be satisfied by the in-
adequate circulation . Deep hypothermia 
was preferred for most adults treated 
since these involved aneurysms and more 
complex thoracic procedures. Physiologi-
cal differences were qualitative. 
1. NertJOIIS System 
Below 28°C. cold acts as a narcotic. 
Analgesia and anamnesia are com-
plete. Hypothalamic function is de-
pressed and autonomic reflexes irri-
tability is g radually lost. 
2. Blood 
Increased red blood cells, hema-
tocrit, and hemoglobin concentra-
tion increase the load of the heart 
but provide adequate C02 and 0 2 
transport. Renal blood flow per-
sists at 20°C. White blood cell and 
MAY, 1956 
practice of medicine. 1955 . 
SURGERY 
Campbell, Willis Cohoon, 1880-1941: 
Operative orthopedics. 1956. 
Little, David Mason : Controlled hypo-
tension in anesthesia & surgery. 1956. 
Modern operative surgery, edited by 
G . Grey Turner and L. C. Rogers . 
1956. 
THERAPEUTICS 
Grove, Donald Cooper : Assay methods 
of antibiotics. 1955. 
platelet counts are decreased. This 
may be a factor in preventing major 
thromboses. 
3. Respiration 
Vigorous respiratory assistance is a 
prerequisite in decreasing liability 
to ventricular fibrillation. It also 
assists in maintaining the blood 
pressure. 
4. Heart 
Conduction tim e 1s prolonged. 
Effects are in order : 
i) bradycardia and prolongation of 
the Q-T interval, 
ii) at 30°C. , the pacemaker wan-
ders and P wave disappears, 
iii) spread of the QRS complex (the 
clinical end point) , 
iv) flattening of the T wave and 
ventricular fibrillation. 
5. Metabolism 
Metabolism of liver and kidney are 
depressed although, in spite of fall-
ing blood pressure, vital circulation 
remains adequate. Shivering IS a 
complication above 22°C. 
6. E11docrine 
Although release of ACTH is de-
creased, anesthetics are still required 
to avoid severe stress. 
Two important limitations are: dura-
tion of safe interruption of blood supply 
to the vervous system, and increased dan -
ger of ventricular fibrillation . 
-Ian D. Graham, Meds '58 
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Intern Placem.ents 
NAME HOSPITAL 
ANDRY, Harold ... 
ARUNDELL, Faye. 
BARTKO, Harold .. 
BONDY, Donald . 
..................... ......... ... .... St. Joseph's, Hamilton, Ont. 
.. ................ ... . ............ . ..... Victoria, London, Ont. 
BRETT, Brian . 
BROWN, Earle. 
BURNS, Stuart... 
BUTT, Ronald. 
. .. ..... St. Joseph's, London, Ont. 
. . . .. Victoria, London, Ont. 
. . . .... St. Joseph's, London, Ont. 
....... ... ... ...... ... ... .... .. .. . Toronto General, Toronto, Ont. 
.. .. . .... . .......... .. ........ ... St. Joseph's, London, Ont. 
... St. Joseph's, Hamilton, Ont. 
CARRUTHERS, Grace ..... ........... . Royal Victoria, Montreal, P.Q. 
CHRISTIANSEN, Harvey .. St. Joseph's, London, Ont. 
COOK, Gerald ........... . .... . .. .. . . . .. .. ... . . ... Victoria, London, Ont. 
COULTER, Keith .... .. .. . . . . . .. .. . . . . . . . . . . . . . Victoria, London, Ont. 
ECKER, Donald ... 
. ..................... .... .... St. Joseph's, London, Ont. 
ELLIS, Christopher .. ............................... . .............. Victoria, London, Ont. 
FLOWERS, Raymond .. ........ ...... .............. ............... .. Victoria, London, Ont. 
GARWOOD, Barbara . .. . ....... .. ...... . ... ... ..... ..... . . . St. Joseph's, London, Ont. 
HAINES, Milton...... . .. . ..... ... ..... ... Victoria, London, Ont. 
HAMILTON, Douglas .. .. . .. . .. . . .. Mount Carmel Mercy, Detroit, Mich . 
HARTLEY, Frederick 
HAY, Kent 
HELSON, Kenneth .. 
HERSEY, Lewis . . . 
HIMMEL, Marvin 
KAPLAN, Rolland . . . 
.. Vancouver General, Vancouver, B.C. 
Mount Carmel Mercy, Detroit, Mich. 
.. Victoria, London, Ont. 
. ............... .. Victoria, London, Ont. 
Kings County, Brooklyn, New York 
. . .. .. ...... .. . . . .. . . . .. ..... .Victoria, London, Ont. 
KASPARDLOV, Melvin .. .. . . . . . .. . . .... ... .. . . .. , ..... .. ... Grace, Windsor, Ont. 
KWITKO, Marvin . . .. . .. . .. ... .. .. . . . . . . .. . . . . Toronto General, Toronto, Ont. 
LAKIN, Mervyn .......... .................... .... ... ........ ... .... .. .... Jefferson, Philadelphia, Pa. 
LANGER, Joseph . .. .. ............... ..... ... ..Kings County, Brooklyn 3, New York 
LOVE, Edgar.......... .. .. . .......... ......... ...... ..................... .... .... .Victoria, London, Ont. 
MANNERS, Douglas .......................... ... .. .... ..... .. .. . .. .. Victoria, London, Ont. 
MARTIN, Ellen ..... ... . ... .... . .. .. .... ..... . ... Toronto East General, Toronto, Ont. 
MAR TIN, Robert... .. . . . . . . . . . . . . ... ...... ..... ..... .... ... .... .. .. .... Victoria, London, Ont. 
MATHERS, John ................. University of Alberta Hospital, Edmonton, Alta. 
McGREGOR, Donald . .... .. . . ......... . .. ..... .. ..... ..... .. Victoria, London, Ont. 
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McGREGOR, Douglas ..................... ......... ... ....... Toronto Western, Toronto, Ont. 
McKENZIE, Frederick. ........ .. ... ... .. . ... ... .... ........ . .............. Victoria, London, Ont. 
McNEIL, Keith .. .... .......... ..... ..... .................. .............. St. Joseph's, Hamilton, Ont. 
McPHEDRAN, Robert... .. .. ............................. ...... .......... Victoria, London, Ont. 
McPHERSON, Duncan ....................... .. ........... St. Luke's, Chicago 5, Illinois 
MILLS, Keith .......... ............ ... .......... ..... ... .... .... ...... . .... .. .. Victoria, London, Ont. 
PEARCE, Jocelyn .. . ............. ........ ...... ... .. ................... ... Victoria, London, Ont. 
PETERS, James ..................................................... .......... Victoria, London, Ont. 
RAITS, Ingrida ..... ... .. ....... . ... ........ ..... .... ..... Milwaukee County, Milwaukee, W is. 
RICHARDSON, Stephen .. .. ......... ......... . University of Alberta, Edmonton, Alta. 
SHELLEY, Robert... ..... ...... . . . . .. . ... . . .......... ........ Rockcliffe R.C.A.F., Ottawa, Ont. 
SLOAN, George....... ... ...... . ...... . ... ...... . ... . ...... .... Grace, Detroit, Mich. 
SOWA, Edward ........ ..... .. ..... ... .............. ..... ......... Hamilton General, Hamilton, Ont. 
STAPLES, Thomas .... .. ... .... . . .. ... . . . . . . . . . ....... Hamilton General, Hamilton, Ont. 
SWAN, William..... . . . . . . . . .. . . . . . . . . . . . . . .... Hamilton General, Hamilton, Ont. 
THIBODEAU, Alfred .. .... ......... .. .......... .. ... ... .. Toronto General, Toronto, Ont. 
THICKE, Brian ... ........ ...... ....... .. ... .. .......... .... Hamilton General, Hamilton, Ont. 
THOMPSON, Charles........... ... . ... Hamilton General, Hamilton, Ont. 
TUTTLE, Robert.. .......... . ............. ......................... Victoria, London, Ont. 
WAITE, Robin .. .. ...................... ....... ....... ......... Montreal General, Montreal, P.Q. 
WARKENTIN, John .. . ....... .. ... ... .. ...... Regina General, Regina, Sask. 
WAUD, Douglas ..... ......... ... ....... .. ... ................... ........ St. Joseph's, London, Ont. 
WILLMS, George ........... .. ...... ... .................... .. .. .... St. Joseph's, London, Ont. 
WRIGHT, James ........... . ... ....... ........... ... ..... ... ..... ....... .. .. Grace, Detroit, Mich . 
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RE-GRANU LA TION 
Progress to many is a fearful thing. Because 
to them it means changes. And that means 
uncertainties. Lack of progress means that you 
are going back, because other things move 
ahead. This stagnation is often reflected in a 
medical journal of our nature- that is a jour-
nal as the expressed desire of the student body . 
It is for this purpose that we have again 
begun a process of re-granulation. To this end, 
we have instituted our first re-growth of the 
MEDICAL JOURNAL with the inclusion of 
symposia in our last four issues. This has been 
overwhelmingly proven to be practical - as 
expressed by your letters, your subscriptions 
and your patronage. However, that rejuvenated-
over-joy will soon degenerate unless that spark! 
that chemotropism for the NEW journal is 
nurtured. It is for this purpose that we intend 
to make a ser ies of changes, as part of our 
desire for our benign neoplastic growth. These 
changes are : 
1. We intend to include your manuscripts 
(see p . 151) your comments, your feature 
work, and our yellow pages of the medical 
directory ; 
2. Our present articles are more of a pract-
ical nature , so as to be of more use to our 
practitioners, the back-bone of our far-flung 
empire of macrophage minded men . With 
this in mind, we have included articles 
requiring quick attention, quick but de-
liberate action. Yet, we have not forgotten 
an aspect of medicine quite necessary in 
our prog rEss, its history. 
3. The cover has been re-designed so that 
pages and articles will be much easier to 
read, that volume, number, and date are 
placed in that order to be more feasible to 
librarians and other compilers, and so that 
OUR UNIVERSITY will be eye-catching 
to many readers across the seas. 
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